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' ARITHMETIC. 

A ' 

" J.|i t 1 

1 ■ A RITFIMETIC is the science of numbers, or the art of 
L computing by means of the ten numeral digits, or 
i" * O < : f)her r l imc> L ? iwQ t 3 thrjc , 4 four, .5 
0>'/, 7 ,S Q nine. }I4v 

, i “ 

All numbers ni$y be denoted by those figures \.iriously com- 
bined. And the rule which teaches th ejt different values accord- 
• ng lo their d liferent places, is called Notation, or 


NUMERATION. 


J >,r the number 4 1444444.44 44 be prdpo&ed : then the 
different values of the* same figure 4 will be aa* follows : 


■ *?f 
V.> f / * 


■3 

• .s 


_<i* -CS c4 -; /jSflSVw ~\ 

4 * 4 I £ It.*! . « . 

2; ,3 ;.f J .5 S\J '£ JS “ £ ;<f ■ 

h r* r n ^ 'Afif r*' — « fir* ■ 

# ; t 4 4 4 4 4 .4/4 4 

>«r w /fr . h - ; rig i ts 


The first figure on the ri 
simple ,valde 
simple value 

VP^jr 
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ARITHMETIC. 


jts simple value; the fourth Tor foiir thousci?Ms , or a thousand 
times its simple value, &c. and the four together or 4444 denote 
four thousand Jour hundred and forty four. y . 

v * 

tfente it appears that the values increase from the right to 
the left in a decuple proportion, each figure Standing for ten 
times the value'.of the preceding one. 

1 x 

It is also eAidfiint that in reading of numbers there is a con- 
stant repetition of hundreds , lens, and units, at every three 
figures: thus, the three first on the right denote four hundred 
and forty four ; the next three, four hundred and forty jour 
’thousand > ; the next three. Jour hundred tend forty -f but mil- 
lions; and the next three. Jour hundred * and foify four 
thousands of millions* See, 

■ * , 

" 1/ 

Therefore in reading of large number^* if divide them into 
periods of six figures ca*ji, the first period to the right will he 
units, tens , hundreds , and thousands'; the next period will be 
millions; the next millions of millions, or li millions , oi 
billions ; the next tH -millions or trillions , &c, &c. 

For example, Iqld 2U02 H 00 190(57 09 be a proposed misnbe*- 


Ji?S0at '»0U07«1 jIO*^0C 7 0^ 

\ V- 

I'hen dividing it hitoperioih asabo.t;, U will be read Uius : tux h 4 

eight hundred and tipopiV^tm, four Ityvtlred ten thoti&md andwvcn hilh 'u\ 

eight hundred and fifteen tficuwd ano hu'idttd undjauf itifflivm, nine hm, 

dred and ux thousand t wen hundred Mgidtw * 

' 

3. The digits \, Q, 3, 4, 5, 8, 9 called significant 

figutea, because .each has a^vaf^hy ‘itself, hut the cipher ,ui 
zerp o stands for nothing, if ala^Hf ^hen annexed hoWevef*. ou 
the right hand to other figures, or any munbr r, it increases the 

value ten times .* thuc 7 djjtiotcs only seven, but 70 is seven tern 

- ■* 



V '■ ^ 

#r seventy ; and 700 seventy (eii^'^icvcn hvndged; aLoi], 
.-Mgnififca only , eleven* but IXO elbtfM' UnS; or on^hundred 

and ten; l\o6 elevca%uti&0$, or ofilp - if^nisan^x^e hun- 

j j \ *■ ' * *r. * v v-> ” ' u* * f 5 ' . 

W/ &c. 

%xid therefb^in setting dowjl a -p^feied number, th6:pj#&? 
of sigriificant figures must be supplied ^rfphe^fJben the former 
are wanting, as in the follow ng example’ * 

Nine hundred and seventy $tx - 976 

Nine hundred and fit'venCy!...i . f ..». 970 ’’ 5 „ *' 

Nine hundi&f aiuf ,dx . , 

Sev'-'n;thpusati®,iiine ; bundre^F and six.. ' d .v.. ' ' 7906 "• 

Seven ^jisaiwi /r ^ * . -ft 000 

Se\enk < feh tbftslsanct and sift,; * 4 1 Y 006 

Ten nooo * A V< 

t^ur i.iijJttreH leii thoiib\ui(l aftcl^ix llOOQfi 

One ImiuhVd thfeifcand J 00 100 " 

One iiutydrexl thousand w/;*, t UjQpOO 

, One inf) [ion ^udpjtie t ... . .\ x 1 OtiRKM) !l 

‘One million ICOopoo 

l .y ' . . ■ jJ ' ; * 

■ 4 ' . ’ '* .*' \ 

Or The ROMA^ NUMERALS or NOTATION. 

t. The Homans made use of sbyda eapifaUettcrs to express 

i, umbos, ' ' : ‘ “ 

Nauil-Iy I. M. . \ ' 

Value K 5 . 10. 60. ' 1%. 1000. 

The intermediate ifflw oilier numbers’, are denoted by two or 
in.. re of those letters j6int$ ? prirepeated'tifl the- Sum of the whole 
make up the proposed t 5 u^H^r f the’ charactffy.af the greatest 
value being se^/'tlfe Ieft^ ' tfi^,- V I i? <Sf \fj?, 7 i VIII, 8} 
and Mb'CLXV{,‘‘f666t a less character is put to 

tlic left of a gr^aje'r^ and tl^Jt represents their difference 
as 4;’"IX, 9 5 CI\400. Also ID > 

Stands for D ! or 500 ; andrC^f^rM orflQOO. "'Every C and 1 

Ct* annexed' otifeach side ihie^^s .’the -value ten times ; thus 

v ^Vjtx ,, +i& 
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j ARIV.IME TtC 


Cv UJ u 1 0000. A bar or stroke o\er a letter increases the 
value J000 lime i, a» X is 10000^ and C 100000, &c* 

Thi* notation is frequently used for the dates, numbering 
the chapters or sections of books, See. 

, \ SIMPLE ADDITION, 

5. Simple Addition consists in finding the sum of two 
or more numbers of the same denomination. This is done in 
\he follovvine; manner : 

P‘ t .:c the mirdn rs under each other, so that, units are e.\:*cti\ 
under units, tens umkrtens, hundreds under 'hundred:-. \c. 
and draw a hue under them. Then add the row ni unit t >- 
•rctbi-r, ,ind Jind how many tens are in the ‘sunn — Sit down 
exai 1 1 v mirier the units Q \.\hat remains mdre' than tbo c ten 
or when nothing remains, a cipher, and carry one fm every 
lei to the second row. — Next, add up the second row, togetbei 
with the number carried, then ] toe i eel with the sum as he- 
h.'-e, ‘And m this manner ccnlini.e the operation till the v hole 
is fimshcd. 

£ iLifs<p. I. Let the &uin*oi i>43 and 21 C be roquind? 



/ •. 2. lu’tju ;ed dieSii i of jTtOt, 4^0, ,»:J ; 

r"i 

7«>J f * - 

Sum j n J 

i- , akliion I (..occed ili ,l = i- * * * v — “.KlOandl n.'tke 13 wlihhis 1 ton 
a d . to ■!„ iiu*MoioI put '■ the i u* tin* rank oi tens; 

, f «iiid .n au i t and j make If) i.nd i f ean’ -u u. ,i y 'JO, « lm h is 2 tons 

K.lOovei, I put down » r‘, ( be* anJ r .iiv ° ; again, 7 and '.4 

make ii umi hai* J J and 'l that who ; .*.Je winch w i to put 

l* e 



ADDITION 


\ 

«ujd C lobe can i« rl ; nexf, the 2 carried r : . < 1 7 n .ike i) : KimK, as 
t .. .i* is nothin" carried to the 6 it becomes th^ toslii^uu ju the sum. 

The reason fo^placing units under tinits^ tens -under tens, 
hundreds under hundreds,' &c. and carrying the tens , to the 
K*ft 5 manihist from Notation. But because the whole must 
he equal to the sum of all its parts, if wc add together the 
unit, in one sum, the teas m another, lilt .hiiudn <<* m a 
thi^l, &c. and add the several sums together, it will prove 
the addition ; and perhaps the reason for carrying the tens will 
appear more obvious. 


TJ o sum r.flhe units 'U 

the ivu* l n o 

Of the 1 iiiulu.d > U 1 

Ot the Uioicantls... \'uoo 

O! the 'ons ot I hou&rtidW* * MluOO 

Slim V lOJ as hcfoic. 


6. Another method ofrr<nmgaddtli(*A, is to cut ofl the uj per 
iin^, then having added all *!:<. other ImcJ together, add tho 
upper line to the sum. 


/'‘.I, 


S nn 


!>S7(U 

Proof. 

f »l JilS 


■; '0i$ 

■jT 'j:1s 


7: ;0*5 . 

S»i.V* 

7i^>bS * 

1 s?U s 

igm:' 

i i - 

a i^o 


S 


sum wiumui 

WST64 upper line, 
m -'si'S 0*1 as boioie. 




r line. 


. \\ r hui the numbers to be added arc large, and eond-t ,of 
o «n.y rank.-. divide them into two or more parts, and find 
tiic *.u n i <;j each, part separately, then add the several sum# 
together. 





Lx. 4. yS7- 1 

1 J3 i .» o7 S 0 

M» >7^.3181 
7*iH)li:J76 
Jf’S 172867 

f , * it> >(»<* 

(7-'t87 VJ.i J 
J U0;' ,, fi7 l) 3 

f*0tS7h^i 
M.m '» .y 78 hWi 3 


AR1 rilM^TIC. 


Proof. 

$876 > 4 .k i 
1S31667&0 
M ''/63184 
1 7 OJ 87.1286 su.a 
4 7! 00 f 1 376 
5<JSI72Sf>7 
r, 8 n 2$ 4 -°9 
,.r< ).)1 1212 sum 

oJIii'rwVf 

1 0022671 1 3 
) 72 no 7 lOjj sum 


170*67 HJ8j) ' 

237J3 1 1 *?12 > the tin op sums. 
I7COi>70 71$5 

Sum f i7^*i S»^07’» .u. before. 


But the usual method of proving Addition is to begin at the 
upper line and add downwards, in the same* manner as it was 
added upwards, then if»thc sums agree, we may conclude the 
work is rioht. 


SIMPLE SUB TB ACTION. 

8. Simple Subtraction is the operation of taking « 
less number from a greater/ or finding the difference of two pro- 
posed numbers: thus, I b:ra ctcd from 7 leaves (>, which n 
tlie flirt trenee cf l and 7 • a subhactccULoni 30 leave? ?, the 
duTeuncc of 8 tmd 10; 22 subtracted rrotn 3.3 lea***?. U the 
diff» icncc ; foi 2 unit' take, from 3 units leave*. 1 unj ; «tud 2 
tens taken bom 3Uns leaver 3 ten ; 'therefore 1 ten and ] unit, 
or II is the difference. And hence it L .evident that in placing 
numbers tor subtraction, units must stand under units, tens 
mulcr ten?, hundreds under hunchods* & c. as in addition- 

. c 

* fix. L loom 33 J ‘r 
'] ukc 2 S : - - 

13 i fill ence or remainder \ i 



SUBTRACTION 


7 


9 . The method of proving subtraction is to add the less num. 
her and the difference of remainder -together^ for their sum 
must evidently be equal tp the greater number if the work is 
right: thus, let the difference of 4356 and 321:3 be required. 

Ex, 2 . 41 j<) ' „ 

3V1 3 

Difference fn3~ 

Proof TttSg the sum of 3215 and llt3. 

10. When the figure to be subtracted is greater than that 
directly above it* the method of* operating is easily derived 
thus ; 

Let the differ cnee of 41 and 13 be required: 


13 

.VulVi. 'JJ ; here 3. cannot be subtracted from l, but if 10 1 1 taken from the 
I *Mnd added to the 1 the ftirn nil, then 8 from 11 and 3 remains; con- 
'loquniliy the 1 which'staiid's under the 4 iriod <5c subtracted from 3 (or 4 
iev=eiK\l by I), and the remainder i* 2, 1*. like manner proceed with any 

oth j luunhci of li »uies. 


E\ . I. Fjom 823 

TVihr f> i h > ‘ * 

Hun. is:: here o from i5 (-10 added to 3): and 7 remains j 
! ip ti> 11 {JO ad. led to 2 {evened by 1) y regains ;-6 from 7 (3 lessened 
n\ J ; .md 1 remain*. But it evidently cornea to tlw something if we 
uiignii'iit the lower figures by 1 instead oi lemitng the upper figures f 
tins* (i from 13 and 7 remain^ 1 iroin 1 Land 3 'remains ; : £»on: & and J 
'"in 1 ms. 


/ Horn M010 

TukeJWM 

Kern. lOiigy; here t from 10 and 9 remains; 5 fiom n (10 
adchhl to t k v'eiied by l) and 8 remains,; 0 fi vim 10 lessened by 1 and 9 
leoi.iiijs ; w t om 4 lessened by 1 and Q remains: lastly as there i> 
to subtract hom the 1, it becomes the left-lund fignie of the remainder 

* * - 

If we augment the town figures by 1 instead of diminishing the uppsr 
opps, thc'piocess vill be thus : i from M0 and 9 remains; o' from H and 
8 remains ; 1 from 10 and 9 remains ; 4 from 4aui 0 remains. 

1 - ♦. . * 
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■ AIUTK’MimC. 

si / ‘ 

Ex. 6, loom iww^DI - £r, 7 , T'n m SKU 02 I > 

'IAl* ^ n:w ( Take 90JUii; 

J li^nV ; 80iujHy^ 

— ■ ** j 

, Jhhof iQ 1 or»i Pi oo f immv2i 5 

1 1 . Or subtraction tnay be performed by setting down such 
figures for the, remainder that when added to the Lv> number 
shall give the greater. 

j 

Tims, fioni f ?S75 
'Jake 2 .J 01 

Item. 7 j7 i ; heic 1 and 1 - make 5, tlicrefoie 4 i* l!u* lem mulei ; 
0 and 7 make 7 fw the U'hmjikKt; 3 and r> mak* A 8 , therefoir f » 1 ^ l 1 ie- 
nuijidcr; and 7 i'm-l* ;oi.* 7 i^flu* remainder. 

AViien the lower figu.e i* greater than that directly ah»ne, ii 1 . ov.dent 
that tile next io\v»*r miht he augmented by t. 

Thus from 10 l ?i * - 

'lake ij,,; * ’ , \ 

Uem. Sii. 1 ', hi*re " '> make 1 6, therefor'* 1 > remain ; 0 'm 

;i niyni' I'U-d by i) and o m. ' •' i. , 1 : u fore 6 lemaiits. [ for i med 
bv l) ami 7 i.m’.c II, ll vovne 7 2 (or 1 cuignu ill* d by ■ ) md 

8 make !0, tlmrfureb rein^na. 


smftiE multiplication. 

l i 2. Simimj Mu r.T : r; lica'i* t o ^ aMtHisis iu findi’je 1 ne 
Mim or amount of .1 proposed nmiibeiOakcn or npuUa) a niveu 
tun n be r of times, and v»ay he denominated a eompei. !>< u- 
method of Addition : for example, suppose 6 is to be tab u i 
times : 

6 

(> ■ ^ 

°. ■ - * 

thun the audition gives 1 8, l*yt by muUiphoalion we say 3 tiriics 
6 make 1 8. 

' * ' 't , 

The mi nyber to J>e multiplied 13 ..called the muUipliciinds, 
that l>v whi.’h vou ntult>plv, the multiplier: and tUe wsttlt is* 



MULTIPLICATION. 


* * ailed t \>z product* The inultipjica&ti flnd iiiultiplicr arc without 
distinction called lhe. ; ten]is or factors of the multiplication, 
because they make t^e product or number sought: thus 3 times 
5 make 15. v ; ^ 

• 

13, But in the first place it will be necessary to learn perfectly 
the following Table, which contains the products of e\ ery two 
of the <) digits. 


MULTIPLICATION TABLE. 


1 

r t 

rn 

4 

i - r ' 

j-r 

pr 

m 

<) 

*1 

- 

i « 1 

H 

w 

12 

t-i 

i i 

18 

3 

■« 

9 1 

IX 

ir. 

IS 

21 

1 at l 

27 

i 

8 

i * i 

10 

'20 

x\ 

28 

•32 1 

jr: 

H 

10 

LA | 

l 2d 

'if 

30 

v> 

•10 [ 

45 

IT 

l <2 

| 1H | 

21 

| 30 

" 3G 

l‘t 1 -IS 1 

31 

7 

14 

l #i i 

•iK 

1 ■'*’» I 

4X 

4» 

..0 | 

03 

S 


b* 1 

"3*ri 

r«y] 

is ! 

5<> 

|’61 | 

T-l 


' 18" 

! 27 j 

mi 

1 t5 1 

5 t | 

t>3 

72 | 



1 .) find (ho p'oduct of two fij n^i this tabic, look for one of them in 
Mu* Jell-hand column, and loi t! • .her, at top, then their piuducl will be 
found w li' , n‘ (he uilual column from the top intersects Hie hon/ontal one 
b oi)i the h’fr bet ii.mil 7 be p'«. posed, tfien the columns meet at 42 ; for 
(, tiii.es 7, or 7 tunes h make 4V, ^ 

] 1. The rule* tor multiplying by a single figure is deiived from 
addition ; thus : Lei the sum of i times 873, or, which is the 
Lunt thing, the product of 875 by 3, be required? 

87 ; Multiplicand 875 

87 > Multiplier 3 

_87£ Product 2fc25 

Sum *jnjj 

"iiipc.cnm the addition; 5, 5, and 5 make 15, or 5 more than 1 ten; 
7, 7, ay. I 7 make 21, and i make £2, or e J wore than 2 tens: next 8. S, 
and 8 make 21, and 2 make C*. But in the multiplication wc say .3 tunes 
5 nuke 15, oi 5 niou than 1 ten; 3 times 7 make 21, and 1 make 22, or 
Sjovei 2 lens lastly., 5 times 8 make 24, and 2 (for the 2 tens) make 26. 
Tlicrefou? in multiplication, 1 must be earned to the left for every 10 in. 
the products, and the overplus set down as in addition. * 

VOL. I, C 
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■kRITHMSTJC. 


ilxatnff. f. 

Multiply- .937 WOjIJ'IIO 

By 7 

Product Ol 3 C(C«? 07 i 7 n 


£i. *■ 

AT ijI tiply l?315f»7*P 

' By ’ 2 

IN i i ? MO! 


15. When the multiplier consists of one figure with ciphers 
on the right, multiply by that figure, and anne s the* ciphers to 
the right of the product. 

£a. 4, Multiply 11 

By JOn 

Pioduct 33*. 0 this is evident from N< 4 at ■<.» . 

Wien ihe multiplier consists of several figures. 

1 6. Begin at the right, and multiply by each fifjtirtfscparaT- 1, 

and set down the products so that the units setmui lu.i* 

may stand under the tens of the first, the uiiitt*of J-he t'did liu" 
under the tens of the second, and soon: then ^)r alii he pin- 

ducts together for the amount. 

* % 

E v. j, MuUiuly l # :i - ^ 

By ;j, 



Product 7 m i \ 

‘2 JjC re son fur selling dowiv'tlic pio'k'ftj by tin* -mfic figures ii t‘ - 
nuum r will be manifest, if \\r consider that the wium- jinuurt mint ■!** 

I be pn.a#*nt example ) consist, of . times 23 1, ‘20 thni">J)l, »ih 1 3‘ 0 tui »*• 
.*71, wJ*tn »dJeil to wn hi r : 

3 tin us j:;i OJ3 

2’ » J..1 4' ,0 

Z-iu tuucs >:.l 09K>0 

' — - 1 > t 

Sum 71tt!3. Here if tin* ci t J. t* are ea* ■* 
gelled (as Inning no \alue in rhe add. lion) the fuv figure of my line, oi 
product by a tJtr/Je figure, uuist uevessmily fall ope place to Uic led of th.'t 
abf >\0 it. And hence the ufie tut multiplying by ceseiul figures j\ 
educed. t r 

17. When ciphers are between other figures in the multi- 
plier, neglect them, remembering to set down the lines pf pro- 
ducts is far loathe Jefuas they iaouIJ be if the ciphers were / 
Othc^ fiunrCS* 



MULTIPLICATION* 

■ 

/>* .577? 

ii> \ fSOOW 

*VSSoO 

i:ius8 
17316 
11341. _ 

ViiK luct • IJgTt^T iu 


n 


is. If ciphers^ arc at the right haritf of one or both factors, 
i« nil the product of the other, figures, to which annex all the 
uphers oil tlu* light. 

£*. 7. Multiply G3Q.Q 

Uy 7v V>0 j 
41 1 

: / 

‘ r # -/ Product "°6 >(hhm,u 

. 

19. YV hen jgg&e^r&jie factors is the product of two or more 
single figures, factor may be multiplied by one of the 
figures, and the product another, and so on : then the last f 

ris\lt will be the answer. \ - .* " 


f-. I.et 4 Gib be guilt ip] a d hv *; _> T or 9 times 5* 

’ « . 1 \ 

*P 

* i vr» 

y • 

Product 33y so 

* /* v 

I’f e p-i-oii of ti.i'k operation is obvious ; fofc 1 ). times ar.y number repealed 
■i ' ■* . i cvulrutl) that number repeated, 72 timet?. 


I let hods of proving Multi plication 4 

, J. 

~o. Make the multiplicand and multiplier change places ; 
t \ 1 1 ii if the products agree, the work is right. 


i'\ r up. 

Multiply (>8<1 7 

Proof. 


IJ>* * 7S0G 

7806 


41082 

6SI7 


5 me 

i 470"!) 

Product .*>3<K7t>«a 

540' \ 2 
312 1 -’* 

6C 14S 



» % 4<i8;?6 



5m7i*S£ 


c 



A* 17 RMTTie. 


1C 


II. ‘ 

21. Find v hat is over the exact im j.her of nines in the Fv*n 
of the dibits :A each factor, then multiply the rxcexfic-* to^tthci* 
ami fin ! t'.t except ahove nines in the digits of this puxiuct, 
which i \co ^nnc/Iji in be the minif as the execs* abow. nines in 

o 

the digit* of the whole product or au-v *»r. 
f \‘7*rft 4 Multipl} ri — r>, cvr s» tps 

Py 1 '7 --V, iv.lndlii H ‘ m ** 

, r »S ' J 

js;»3 __ 

Product <-0777 2 C, oxu'cs above nine* 1 . 

7 m' product oi“ die tu<‘ c\tr ^ S and 7 is >►, u’nch tfn r ' i •? i r 
rvi' •. .il;o e nims r ib,* -u.m as tin* t\iLSs in the whule on. iu> t .. 
aiiiviint. 

This Mu-thod of proof h foamlcd on the following propel I y of t f| i» 
ber 9 ; — t’i'3? ?, 9i wither, the o/ c vhoss d;»ifs is an c\ad nnm'er of , tu 

/y an number oj nine' 7 his ’> * ‘ l od\ proved !< I <■''-> • 

nu nlfcrcont uningan exact l amber ol i* r.s co<i'(st fit tin v’r .n a 1 
ot mnesaud of unu->; thus i n**’ : \ 1 t ihim junTn* l U ,n , *1 > n ' 1 

mvts make J itnr>, 7 n uic* :m«i 7 in.' , m »' < i 7 lens; <'0 nines and 0M m • 
makt i'c 1 tens. &< - ; cOiiM’'imnd , n I* n i iwunut o/ thet .■% n 

any mi.nbei, the remainder will bi* as m. n\ iiii.t^ .is tl’tie t’ m *i.al 
ntmihei ; lor o sample, the niijt j s tukyn fiom th.» »cn- m b"0 -u.l ’< a*' *.* 
>v»r , j m'J the iim *-4 taken from the n it*n -» m hi will 1 *nr <» nu<! , \d vb, 
Mitn t ! / u ut , make 13 the* \n ot the d w i j «:• 07d , f?a r , • ' J eV t ■* 
n , ..r* iv t m.t -;l u70. the -’mamch'i ' -is ne *1 ;ii.i (ni'i.t < *>\ *3 u .. 

ami h* t , u e V \\ uU* it of f', it is evuh i't 1! at o7 j, * i 1 l 1 1 • » i.i *u 
its di'j’ls, ; rr e.a h an * ' r.u i.b’roi Ar.d 4’ <’ .« ■# ' »■ * 1 ■’» 

profit niilt\trnd in otiu iiumLM^. 

f rom hr- iic:* it follow , • h'it wh* {. thr nii^- <i*M « rt - r i . t y ru.s hi r, 
and ahoout rf tht* -mm of d- iv, tin* run limit - . dl he t < sj ne. 

A r d in ir uliijihratton it is al o evident, tlmt the ni'ti nf the digits 

la on#- ;.irtofi>a» exact nusnbcr of, nine^ f tJf mm oi the digits in ihe 
pjodunt wdl he an rvact number of niiiefft 

7nth< fprpgoinr example where the excesses abme nines intln- Actors arc 
H and 7, the pryh.tt ui.r775? is the sum of multiplied by V2C f 
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. U-ss bv a muUjjJii'J by 7, Ad $ midltpllotl by 7; the two fon.rr 
; ,*i (> aiv exact nines (one of tin* f.?i tolfi rn eidi nh:»*>) anti to i 
liferpait (S multiplied by 7) is the product of the two exaviti* in i»i. 
lectors, tin* tuith of die ftjitMs. manifest. 

This method of proving multiplication by casting out the ninoa, h pro* 
baM > us .i» - ic.it as the pi^cni system of arithmetic, lbi vc imd a in 
L ■■ d* Sunitiia t!<j Aritlmu tica, &e« printed in lim, Blit 

ti - ji a ( nuxcnlcrd i u b thne arc cucii'iistanccs i n '/which it nn\ bid; 
ti-,- ii t \\ hoLild be ti ansposed in die product, or the , a. i'** of one 

f, 0 ., . ■■ t ;n .ii. <1 urothei as much too litllo, or a ; 9 beset down instead 

oi o. * “L die /on 1 1 i v y : i.i all these cases, the excess above nines wilUil 
d* im 1 ) he I he same as in the Uue pioduct. 


SIMPLE DIVISION. 

’’ '•■* 

* 2 C , S i ,■» l E D i v i o N consists in finding how often a less 
i.M'f ' i jc .o.u.tined in, or may be' takcti from a greater nurn- 
\j - i*' , ,o ^>,uc denoinmatioj) ; end is u compendious method 
/i i, m ' ' Mi . O ' it i > Hie im i! .d of rcsViving a given nunibei 
I .a) jl proposed imtnbur ot * -d .parts. Thus, if <2 ami 10 
the numbers, lilt' torn a- n a-r^anied .» times in the i.n- 
u i . er ii in he Liv.uui into - cquu/ parts, each pm* vuJ he 
t . • ' S . 

< 2 . >. Tie. niimher to he divided *•> called the divldcer!,- ■ 

id a i [ ,■ i.‘ch \ on divide the divivjr . ~ And the number ol 
. .v 5 tin kith i i? contained in the former ls called the quotient* 

% piviM nd* 

DuiUhr'^ , TO ( 3 Quo 'ienU 

2 }, fierf'.rm Di*ht*>n* often the divisor is ern- 

Uiuedm r-- mu nf:hoh*n hand fSguns of the dividend n just 
ncccs^aiv, winch will give the first figure m the quotient. Mul- 
tiply the divisor b\ 1 2 u quotictit figure and subtract the p.'jJuct 
from the .fan-arid figures of the dividend, then bring do \u the 
rjcxl figure of the divided; to the right of the remainder. Find 
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fimt many times the divisor is contained in the remainder &»■’ 
increased, for the second figure *of the quotient, but if it be 0 
times, put a cipher, and bring down another figure ; then pro- 
eccd as before till all the figures are brought down. * 

i 

o , , 

J'ijrip. 3. Let 83101*90 h o divided irto C equal pat'i. 


Dividend 

7>, visor C) 83401190 ( 11700993 Quotient 
S 


r-oof 
4-r;on>9 » 


i j- : 

11 8340H90 


01 ) 

J o 
1 8 

?H 

10 


in tm* example Use quotient ish^Tf the dnidcr.d, Uirr^-orr i. mi ds- 
.»iv 4170UVD by C, the piodi.rt mil he 83101190. 

23. Hence to prove Division, multiply the divisor and 
quotient together , tin in if the prod to 1 tit same as the di- 
vidend, the work is right. , 

- i 

<2G, When there is r ^ remainder after the last subtraction, 
the quotient will he a whole number, as in the preceding ex- 
ample ; but if there be a remainder, place it over the divisor 
with a line between, on the right of the other figures, and you 
hau; theJ^W/efionflZ part ot the quotient. . 

1 />. 2. Let 101 be divided into 2 efcjti al par'^ 

2) 101 (30j quotient /- or the half o l 10U 
' 19 y' ' * 

Reminder l_ , \ £ f 0 

*T 

The fraction I eh notes half* or 1 divided into £’ equal parts and nth* 
fractional part* of the quotient. 
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rff w. 3, pivitte 7J33JJ0J9 into 1 equal parts. 

; ) 71339;019( 10iiil3QQ7 quotient, or tlw aniutr. 

1 J . ' Proof. 

7 10 TJ 13007 


0 5 
~'y 

vl 

vi_ 

oim 

49 


A.t. *i 


9 ) 82S757S (9J75C&£ jp/eft**/.' 
HI * * 



Pi oof 

yiT^is 

u 

'‘friST-yu 

4 remainder 

JS l ) i «» 


Kt'm n;ul*‘r 1 


m 


II i hr integral pan of the quotient be (Multiplied by the liiu&ui J, uiW 
Jie ivi.uuulcr I added to the pioduit, i.ie sum U the dividend, a*> iti the 
t Wf. 

.r( 

n i. m lljodit'&oi however, is only t>]!ij.Ir;ujrc, it is usual to prrfonn th * 

viot'ictioa menially ami set down the qu^ieut under the /litKluul: Liiu», 

* 

9I7:»0SJ q,wlisjj* la Ih Is divKion I proceed tluii:~— 
*he etoii in SU jref, ami 1 over; the nines in \5h 1, ami Cover; the inn* * 
.'i k ’ . r .- aul 4 our; the miu» 3a -re j , the? ahrs m 7 'J times, a; a* 
7 o-.i , , she - 1 1 .'-i in 7C arcs, atftj'&ovi f 

J % I.c* s 7aaC0'.M be divided into ‘J! 1 equal pails. 

VII) 07 jjQ 395 ( 3 V 0 Ho or am rrei . 

n'i l 
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To find how often the divisor (21 1) < ontained in the number? of tfle 

ueveul steps of (he operation, fiivt enquire how many times - (the left figure* 
of the d/visor) is contained in G (the left figure of the dividend) ; this gives 
3 for the fird figure in the quotient; next, the 3 Y In 4 are 2 for the second 
fr/uie; r thiidls U1 1 the divisor being g«oater than 30, a cipher orO 'will he 
the thud figuic, fourthly, the ‘/s iu 3 give 1; next,’ the it's in 9 give 4; 
-*rui lastly, the J’s in 10 are 5. 

27 . But’when the dividend is a large number, and the divi- 
sor consists of several figures, a tabic may be formed containing 
the products of the divisor by the several digits, as in the next 
example ; 

£r. 6. Divide 14473397 10473 by 17S3. 

fl' give 17&3 
' " * CMC* 

6310 


1 ’ 

1783 multiplied* by •< j 89 1 5 

... 10'’9c5 
— 12181 

S 14261. 

I i .... 160-17 


1733 ) 1447«5i*7hi47S ( M2';3.)7l9, * Jj quotient. 

14264 

2 M3 \ 

1783 

3(35 

637 ?' 

5349 
10250 
8915 

13374 

IxMS! 

, 8737 

7 n 1 

lt,0jS 

* JW47 
Remainder 1 1 

-■38. Tlioocuhoaie expert in the practice of division, some* 
times omit the products, and s<>fc down the remainders only* 

Thuj, (taking the hist example.) , - ^ 
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fj 1 Sf t * ’ „ ' ’’VjarV'* _ 

■ •“ f t ■> u ’* #9* 

I44.TS5974043* 

m 

** WfO^VT) 

' v ' 

? r ' bx» j 4^ „ 

\ f&W- 

1 *.'/.* J ' ' riipjft :* - 

/ # remain (ter* : >;£^ . . 

ir.d the division is sometimes performed without bringing down the 
)^figare»of the dividend. c * ' ,?;■/, ■ 

Thus, 1793;) 1447859710478 C^^35749 x fi T . , s 
v» 514232533? (I 

3660337<H A * v 

i II S6 

}\ ' 

V „ *„ . . ' 

Where the remainders stand under the eorrcspondiflg figures of the di\i- 
f.tnd, as before. * /’ ? 'ViVVV , » 

, J •;*.* J * - * ■ „ 

In these contracted methods/ tMtefemders are obtained by performing 

the subtraction while you muUiply?" Thus to dud 214 the first remainder: 

8 times 3 nukb 21, and 4 make 28, therefore 4 is the right-hand figure of 
, the remainder*; next 8 times 8 make 64, ^nd 2 {the tens carried) make 6t>, 
and 1 make (37, consequently 1 is the nc^figure; again, 8 times7 4re56, ,, 
and 6 (the tens carried) make 6*2, and 2 mjike (54, therefore 2 is the other 
figure of the remainder. And in the jafne no&trijer the other remainders 

are found. * . ? ;* v 

'' * >. ' , * 1 

20. When the divisor is a number with ciphers on the right* 
cut off, and also the like number of figure* from the right 
of the dividend, thfen divide the remainder of the dividend by 


that of the divisor in tl 
cut off from 

after thb ^iv^bn^ if ahy 
.wise the figures cut off will 



Iraal manner* and bring down the 
to the right of what remains 
the whole remainder) otheW-v:^ 
remainder. 


* *• < * ’ 
Ac.;. ** '7. Divide w , 

* i\*0iAuS* 


s&oo ) zmps Xtyjgra 








18 , " asutix m: tic. • 

r ' V V * 

8. Divide Ciioiji ^ f -1»SOO. . 

' 1 V 

'•<,00 ) ?•< D C , ’V vutih* 

' \4 

ii'n , 

VMi 

Kan. b> 

». Divhfe IlMiO by *00*). 

c,ooo ) Jivr- f o 

) | 4 ^ qiutU y ri t 

* 

10. Divide C4yi by 10. 


.• b \'y* 1 m JO. 


1,0 ) £\J 

qifou*t?t, bang i. 

oU, When the divisor is the product n*' t'vp or more -u d 
JVrnrvs riiwdc by one of those liguics, ki.d iho quotient by i ■<;- 
ther, and so on. 

Ex. 1 1 . Divide 33 J <’*0 by TJ, ur 1 ) times (See Ets/.jp/e 7 , 1 1 ?- 

Implication*} ‘ 


9 t 'VI ; 
S) 


4 ui.\ cjro'.s 1 


r fhe nv‘!hotr of ftbriitfgjr fee truer quoth* ,t vhen tlieie ate romdride^, be- 
longs to Y Vl.*uf Fiftttidsvto which vte reict for an cxampUv 

t- e ihvi^r aad quotient fvithout the 
fractional pact, sbKaftfthcre be any) gives the dividend lessened 
by the remainder, it r* b 1 . "M that division may beptoud by 
c;v||j$L|r ou;. ibe 9 * exactly m Uic ranie^Uuner as multiplication. 


4 *V 


OF VJJjLG^f ACTIONS. 




VVlGAK FRACTIONS. 




U 3 T 




ia 




• ^'vT* %>> ' ■* ~ < . . . 

farce ^-f>va^cdy, r<?i .expression Nan or Lie mtcgci 

i. This, represent a 'ipTmIc of apy kirn!, anti the 

pam irto or supposed to^ be divided, am 

jrqiHwi $ of \ 

/ *\ - . > _ c 
‘ Tii'i b 1 hiL> cru'c^id pMs, i>j£ 

!■ ' .'sis,-''! *i stfSSri'V, whlht- rcpmcWcf fry the frtf£$|Ou ^^.6 t&cn* . 

h > j\ r.H ” Nl.-i.lt>?” b\ ^ If a foot irt 

i i i . 4 . /■ f . • Y \ :-:y p-roron for-i inefi v/ili bty-jh tone ixvrtjth) l>fit 

5 \.»- i i.»v # a ’..si ii\>, ' i inch will fcw demoted by thirty- ■ 

4 *^/\ b^np 1 3 $foW>t» mafce ? j$r<J/ .' , :j v " / '* 

3 2. A fraction also nn?^ ^ from division in 'whole numbers 
v lien ihc.o U a rcnir.nuUrr or when the divisor is irnatcr than 
i'ij divii’ci *: \\t the f<>T'\u\' case ii is part of the quotient ;sf,o 
j i : 3 -3 9 &rc 4 h\ simple division i, and in the latter, the 


. ro: 


jU*, i ‘ 


Vi/. 


l>. 4 i’ ' V iH ifed hy 2 tiv U ' 2 l\ And S divided by 4 gives 

: :■ Jk* siuot . *>u iJoir finiir ir> are \ : and the former (J) being 
j 'T j '\shK . ity V : ;.u«t tne J;at> i (J) lliu-e-fbiirths, or 3 divided by 
L o* ‘ie 4 1 : oi N 

;: \ The la ;tr d *,f ri f.ncVgn {denoting the number of 
p «t . iu'o .vl/u* th*. u,p«;*;r or 4' is supposed to he divided) >s 
* f.Vd l'-c. /'-/••*> V<?/o# ; and tin upper Sgme {which sb^wsths 
, uiib*T'. : ■ v ( Npiv^cJ b- the friction) the numerator f 

t’-iirf 4 1 ' t i d* *x M.iiiit *> » and 3 tlic numerator of itjbiv. faction 
\'*a both *i;\ rally nauu^I the tcvmi uf tlm fraction/ . 

i’ivctKins ure /:tluT pr i:. t r, improper, simple^ at enm^ 

-•*4 J. ' -:, ' '*/#>' 

a ■ ftper. Jr jrK r : i: 'when, the nnmrrnlor ^ le^s than the , 
denoroi .at >r, 'as 'J, »*r f, <j>* r V»^^‘. «aiul therefore it is always 
less that i 1. *■ Y : : 


An improper Jrucllon has the numerator equal to, orjpj^cr 
than the dcnomifi^or.J consequently 4s 

to* tha^j V*"if^xiis 4 is an impfbpcr fraction, bec^||? : 

/ / - 1 ' • fap " " r ^ ' *&*«* v ' 



CO 
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* '* 'I J ^ -^i ^ 'nv 

it denotes l or awho!£'j foe, four founhs mak&^wWle^ V 
^■-4 is also an improper ffaetipp/ it beiogt^^artie Stf^" quarters or 

land , ; : ' '. 




*'¥* 


A 

and one 


simple fraction is any fraction having only pne numerator 

me denominator/ or tV*'' ’ . * lV 

% ’ ' - ** , 1 , '£* # ■ * , ' 

A corhpountf f melton: 1 % the fraction of a fraction, dr several 
single or simple fractions connected with, the word 0/ between 
them ? ihu]& f- of 4, atjjJ f &f $pf \* are compound fractions. t ^ 
Also if 1 pound be the' integer, the compound Fraction ^ of?? 
will denote sixpence/ it being the ^of I shillifcg.or of of a 
poind* ' *i ( ; ( 

A mlxt numler is composed of an integer and a fraction, as 

•Vi, 20 t V, See. . , 

A whole hprtiber may be dike ^fraction by pla^ 

cing I under it as a denominator: thus y .denotes 1 2 build. 


or a 2 . 


A prime numler is that' which can only be measured by >4, 
or Unity ; thus 9, 3, 5, 7,-fjj £.&t\ <nrc prime numbers, 

A composite numltr is th^vvhich can be measured by, some 
number greater tbarr l : or it is the product of two or more 1 
numbers: thus 4, k 6, fc* &c. are composite numbers* \ 


36 . Tn r familiar use of the charafctgts ~ 9 w, jl£ will 


greatly abbreviate the' oj)cration^;m;V v utgar fracti<jo 3 , 
as signifies eyya! to; 


1 % 




1 ¥ 


12 ppnee s= 1 

| an hour wwiinfttfcs, fic< 
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# ' ■” % ' ' ‘ * 

" 5 - f plus) .the character for addition : 

Thus 3 is ■ ■ . 2 added to 3 are equal to 5. 

y W ' 1 * i 4 ■’K iSfgpjjf* ^3/ 4- added to 6 are equal to 7 and 3, 

•^ ^mi/riiSj) signifies subtraction : 

As 5 — 3=2 v. ft lj& subtracted from 5 js equal to (or leaves) 2. 

4 — 3 2 = 2 — 1 , the difference of 4 and? Is equal to that of 2 and 1 . 

X the character for multiplication : 

• ' * 

2 x 3 s 5.*4, 2 multiplied by 3 is equal to (or produces) 6. 

£ X 3 X 4 = 24, the continual product of 2, 3, anti 4, is equal to 24. 

7 X f J 2 t ' ‘ 7x3 * 

S 1 T 5 = 5 o' <he 5 -” is equal to the fraction 

-r* the charadtp; sometimes used to signify division. 

A< 24 -r- 4 £?, 24 divided by 4 is equal to (or produce*) t>« 

5 -f* 2 5ss^» 3 divided, by 2 is equqj to 2 ^. 

3 -r- 4 = .^3 divided* by <4^ equal to £* 

37* But the proper method" of abbreviating division is to set 
down the quotient in the form of a fraction by placing the divU 
$or under the dividend ; thus, 3 dfyjded by 4 gives $■ for the 
quotient ; 5 divided by 2 gives the quotient 4 ; and 1 divided 
by 4 produces or a quarter. In cvncral, every fraction should 
be Considered "as the quotient arising from the division of the 
numerator by the denominator. 

REDUCTION of VULGAR FRACTIONS* ; 

^ \ ct- * 

, 3d, SsT'tTClfiON of Vdt^r-Ffactions principally consists in 
changing them 'fa a more eotptihq^ous form for the tperaiions 
of addition* subtractidp, 

Case 1. ,/fy elffirevfate actions fa their lowest 

' tyrips. ' ' Q* % l >r* ,/< ; ' h ; , 

3ft. If ^he terms W multiplied or divided by any , 
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number, its value will evidently remain tKi'iame ^s before; 
thus, the numerator and denominator ^/ by 4 pro- 

duces the fraction -JJ, or divided by 
Hs -!£ or Therefore to reduce a HVaii^|K^0.<Us 
divide the terms of the Fraction by any number - that 
no remainder* and the (Juotienta again by or anv'fither- 
number, and so on, till 1 is the greatest divisor ; then the fi ac- 
tion will be in its lowest terms* 


£u J- Reduce JjJJ to its lowest terms. - ' 

, + 

^ Th^ fi action m,i\ n'clueed by a continual d;vi^c^ b\ 


, TI r .irs. .. it 
I hervlojo — • — emu; to 

lUt> i * lj 


1 1- 
ir 


Vfli'rt C fails as .i divi^of, ti j3, !», brf, Ke~au?^jfj ru r.nmbrr is dr visible, v 
by any di »tt. Cl exr q>l<?tl) it must b^ivisihie by either 2 £:\, j, oi V. 


M70 . Wr 

Ex. £. ^ tker - to ib Jbwfcot terms.. 


™7T — Tts* 5=5 r« “vVTi *= v ^«-*ber* ^3,7 3 7,aj5&aMtm»ors. 


-a; = ’tr, = T,r =- ,“1 *= 3 . 3,1 

' 220j 47 i 4KJ I, . J , 

.fix. 3. Enduce Jjjjjp- to Us lo,we*t terns. 

' r,i'i i?i 11 .'.' '■% 

S3iUA> = E ~ * 7lo = 70- '*» ' WfS «| 
■ jot, 7, and a. " • , .>! 


, , 1 .. 


Cl 

?:v^ v __. * 

’ •;> 


ci usork are 


If the norrerator and dejE^feShatb| 
f find their greatest divisor* or n$e* 




■ ing rule : JQivide the, gr£$i$pjfi : th* 

hit fha Inti 'YO’infill’itl GY ij'hA , / 1 // < 


v hi] the last ta 




- '*ivM 


Bator (h’avipf -l ffe said 



* : 

to be primfi 
lowest teruw^L^-, . . 

-u% m^r 

-w ■ 
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5 .:- 

V.\’ 




other ; 'and the frWioh 4s already In its 


*.<■ rt 

■ >*.'- hi .but . «. . 



Vr 

'fattest terms* 

■-■-« 4P~ ' " ’ 

©l ) ?fi4'r> ( 3 . 

’ 23893 >7 > , -, .'r 

oi " v, > 

\\ ' - , 7044 - 

lj ■ 587)M32.(C 

3322 


'Vfibcrefore the j ^isot; 587. Will e grcatest nunijj^ Jbat 'IfGpl 

and 'Jtii 15 without tfcaxijig any remainder. *' v • ~ . ‘ 


7* e 7j*g^&i tke/factfyn in’ its fewest terms. . *. 

1 isotoy-couimon mri^nre df ihree or mar^ 


I:j likem^Bner thg; 
ru.nhcii may befy##^'* >\> r having, found the gi ratest common pleasure 
, of two of them, -find, t!$ UnYt cpmmon nitm , 

Vmd another ol the 1 6 *js the common 

J measure of li*9 £10/ and COO, s ’** " • 1 \ " 

_ ? r 

Tim foregoing yuV for folding the ^ latest common dm tor of t,wb h$m- 
bet$j« founded on Uu j following axiom ; ; /a nntri&er measures another rium* , 
ter l' an# aUo a pert ix/ th t number, li wit / measure the remaining part* \. 
Thin t measures 40 {or 5* »s contained m 40 an exaejt number of tfines% 
and H sitaq uica*uu%>£#£(a pari of 40), the&fere it’j©j?a3fire$ i5 theo&er . 
jiir:. flui the operation brings ouf the groutest ^^isor aray.be shewn 
.fro tn ts#‘ liii t> -jsiipk*, thus: — The denominator is equfctto the nii- 

nn-ratOT 7^1 x J + 3>>‘-7 (by the method of proving commot dtv isfou) : 
now" if t 1 u* ij & greate** ri»v*s)r than aS7 which measure* 76$ li and 
’ ! x 3 J#&2 f ifeuaifct \ t ,.y the preceding axiom) measure £622. And 

in, .as- ii!v* nuiftft, if* ;t 



, $es», v Htli rs absurd. 


’ C.A5L it, JIgm 
, whole or f4i#i£ n 


$e an^r^^pkr jr action to Us equivalent 

\ t ., 41 . T «w^on .dfewrfw* 
^.Ttotefpn; cl ^ ilic s 
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Ex. 1. Reduce V/ to a whole, or mixt number* 

43)957 (22 It Answer. 

86 * • s . 

0 T 

' 2£ 

li 

2. Reduce 5 //// *° or mixt number, 

2740 ) 54800 { 20 Answer. 

5480 

0 - 

3 . Reduce \S§| to its whole, or mixt.nurnbcrl 

1000)7200 (Tt'A/mcr. ' 

7000 * , ' 



Cash 3. To reduce a mixf numler to its equivalent im- 
proper fraction . 

42. This operation is the reverse of the former; therefore 
multiply the whole number by the denominator of the fraction, 
and add the numerator to the product, then place the sum over 
the denominator for the fraction required. 

; «j 

Example. Reduce j to an improper fraction. 

22 

43 

66 

NS_ ^ 

* 10 

M 1*57 £ 

w . — Answer. 

* 'ji --'\ r ± 43 , 

' "■* k'A ' V 

Hence to reduce a whole number to an improper Fraction 
having: a given denominator:— multiply the said number by the 
propped denominator, and make t&eeprpdiiet the numerator of 
the required fraction. / , s ^ 

Example. .Let 13 be reduced to a fraction whose denominator is 7. 

l3f K X x toiSl the numerator. 1 'A&tztter s *. 

For * 7 X » 13 by the preceding article. / , 
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25 


* Case 4. T& : reduce a compound fraction to ati equivalent 
•'tuple one. 




43, MuLTipjti^: aUthe numerators together for the numera « 
tor, and all t he xj^fiom i n a t o rs together for the denominator of 
thfc'fractioii required. 

If part of the compound fraction be fl mix t, ora whole num- 
ber, reduce the former to an improper fraction/ and make the 
latter a traction by placing 1 under it as a denominator. 

J\. j. Reduce \ of 3 to a simple fraction* 

1 ') t x .'J '» 

-X or - - ' = ihe /ruction required. 

‘J 4 if x 4 8 

. Reduce of n ,] of 4 to a simple J:a< (ion. 

1 (0 _. tA * 4 


I list 3 * — ; amfcA ^ - ; 

- J * i- * 1 * 


'I I.CU 


40 


*no 


X ; X y*X T — 


41. When alike number of *.ke factors are found in the nu- 
muator and denominator, cancel them in both. 

) x 'J. Reduce 5 of \ of \ of ' r of ; -o a simple fraction. 

' - — heie raiKeilinc and 5* in both numerator and 

.i X 5? X > X i X *1 & 

1 X ^ '1 

dciiomm.itoi. the fi action becomes -- s= - the a/tfircr* This is red u- 

r X * JS 

« 

* i,V tlu‘ !i action to lower Inins by m * !>, ol the duwors 2, 3, and 5. pi?) 

i :o mlefor ^during compound iiuiticmvdfey be drived as follow** 5 *- 
SupjM.^e a shilling to be the integer; then beiau'-e IS iaithings mjkf* l 

shilling, the simple fraction denoting 3 f;n things is — , and the compound 

1 - 3 ‘ 3 • • - ' \ 

fi action be ^ of jET’ ( or ^ a anc * ^ ie respective pioducts o( 

. > • r i 1 ’ i 

, ‘ f k «t Kg 1 3 

jUie numerator#, and i he denominator give Ot ibesjmplc fraction. 

vor« i. f f 1 f * 


♦ « 
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0 T more amorally thus: let j be t1i»_ compound fraction, liicr. 

, b‘ ( i'"t' , is = the fraction — — will be ^°f ton cquently 

* will iw s tm.e - r 1 ; oi ^ojl And in the same manner we mav 

4x7. t x i i 

pioceH with .in) number of fractions, find reducing tw r o of them to a sim- 
ple ha< turn, ji cl then taking that and a third, and so on. 

Heme if appears that the word of in a compound fi action signify 
muHipln . turn. 

€ 

Case 5. To reduce fractions of different denominators t'> 
t qiiiua lent fractions h r p */^a common denominator . 

4, 5. Tjif grncttiJ mle toi thupiupoae may be derived thus, let the 

ft actions 7, *J, and * be proposed 
j 1 11 

o 

Multiply the teirns of the b action t by the denominator 7, and we L-* i 

2 -X - 7 = ;. ( 30 ) 

;i x 7 3 

^5 

And the terms of the fraction - multiplied by the denominator J giu* 

3 X 5 _ r > 

3x7 T 

o v 7 * '5 y ■'» / | j, 1 ", \ 

Therefoip the ft actions ' — — and (or— and— 1 Imh'i* <f (* 

^ X t JX'V Cl CM/ 

common denominator 21, a**- :c qjetliu ly equal to the traction * '} and 


Next, taking J *’ and-^, am ii.i. ’i phnig the teims of Uic foiinei fuc* 
lion by >1, and tho-.t 01 t!. Ul‘u bv 21, we g-*J = a^d 

1 x 21 _ J. 

iTx il It’ 


'IWoiothc O.M.t on> and having the common dc- 

* X ^ * X ,j * 

, * IS ,1 5 ,1 

rvnnuidtoi ,1 x 11, ait ic mm lively equal to — and or - and u - 
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%•* x 7 

And if the terms of the fi.i* Lon - — - 

'* x i 


• ' X 7 X II _ *2 X 7 

, i vc —■ — r*fc — r* — „ - / z 

J x • x i* J X J 



(oi , j Jie multiplied bj 


1 1 . wc 


. « i 4 t n . x x 1 1 i 1 y ' y J i x - X 7 

C omnivenlly the uhcp fractions — ^ n , ^ 


x 7 x 11 

Is t .\,nir ihc common denominator ') X i x J b aie e^iul to 


X * x 11’ 
1 


1 1 


ic- 


»no'li\t*iv And t ! ‘'..line m r ‘t!iod ma\ bo extended to number <*f 
1 1 lK Lorn. 


IfciKC il appears that Urn new numerators arc found by mul- 
tiplying cac h numerator into nil the denom mat ors except its own, 
;mk 1 that file common dcnomin U or ih' 1 continued pioJncl oi 
all the denominators. 


/.r. K ilme*. aim ’ to cf|i | ii«i , ''iit fi.n ticins having o con,.».nj 
e.o.ii i.jfor. 


i x '» X > =“ 103 J 

-» X 7 y r> ~ K'i ' IN ".7 't/or r. 

‘J X l| x < ~ J." ^ 


7 X X 3 I • ;l cnnnnon ninthat%r 


‘ lt 'i ' ' i ii i' (.• *ris 


n * m , 
is 1 '’ TV 


i ■> 


or 


0 )’ 


- ,» vbcii abbreviated. 

•>,.> Owf 


When .m v ' factors m the m 1 numerators and common de- 
nominal oi lia\c a common impure or diwsor, resolve them 
►uto oilier factors, then [30) top ct the like number of like lac- 
1 is in the numemtors and denominator, and Jit fractions will 
e_ r'diiccd to the lowest tcr-.s which admit of a common dc- 
• n.mutor. 


Lit t, and be reduced (o a common denom nator. 


‘i , i** fiactions with a ednunon denuminatur an 


«* 'A f i _ A V n 
x o v v’ 4 x'>x y* 


... , * ~ : now £?, and 3, aiedhe rape* five divisors of 4 and 6, ..nd 

1 /s b < '■ , 1 

an ! thuefoie if Gin the first and third fractions^ and C, 4 and 9 in 
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the second, ate resolved into the factor 2 .iml 7, the fractions will he 

2X 3^ QJ. -x ._X..) J[cl am , rejecting 2 x •’ 

4 X 4 X 2 X J X y 4 X * X 3 X ^ J b 

9 2x3 

in the numerators aiul denominators, we ila\c j“-» j — T» aR d 


^ o f; 4 

— or— * and , , ; where the common denominator 3d is the Iea i t 

4 x 9 3o n> Jo 

common multiple or number divisible by 4, f, and 9. And m tin* same 
manner the le ist common multiple ©f other proposed number'* mjy be 
found, first making them the denoniiiiatois of fiat turn ? having 1 for each 
numerator. 


46. But the lease common multiple is readily found by the 
following rule. (See art. 212. vol. 2.) 

Write down the proposed numbers in a line, and divide by 
the prime number 2 long as it will divide two or more of 
them without a remainder, and set down the quotients together 

with the undivided numbers in a line below. Divide this 

second line by 2, and a^so the third line, ike. in the .‘■ame man- 
ner, if they will divide. This done, pioeccd with :» the next 
prime number, and so on to r >, or 7, &c. till there aie no tvo 
numbers that can be thus dunk'd : Then the continued product 
of the divisor^, the last quotient-, and the undivided number.-, 
is the multiple sought. 


Examp . 1 To find the least comn.ua multiple of 7, 24, 10, is, nnd 7 


r ; 7 2 v ‘ o } *i 7 } 

? , 7 1° ,# n r__' , 

Z ) 7 o n. , i 

) ' * l.o 

5 ) • I > I 7__3 

: ) 7 I » i i 

7 I I I 1 


Then '2 x 2 x 2 >; 3 x 3 x j x 7 = is the multiple requir'd ; 

or the h n:in»b< i d visible by 7, 24, 40* 45^ end $£ . 


£jw*wp. 2. Required the least ooifmon muWfrfoflf §7, $6, \%j } 27 j. 
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5 ) i’7 fid *1 3.) 27 1 675 

) 9 ”2 r> -m 
3 ) 

5 ) 7 ~ i c . 

5 ) I 27 1 ) *> I 

ii) i TjT - i 

QZl .A— 1 


1 hi II 3 x 7 X 3 x J >v> X 11 x 2 = U850 thi? multiple sought. 

AJ. When the least denominator of two fractions c\act!y 
di\ idis the greatest, multiply the terms of that fraction which 
hath the le.bt denominator by the quotient. 

'IT 1 ; .i i'i ^ •i 1 , 1 lii(M"\ l it lu a eo.iiiMfm (h‘ii'),.‘i .aba ’»y imi'tiphi 
mi'i'fialo. ol \ by C ( iw quoti'.iit ‘>t S ihwd»‘(l In ]). 

' n S ”, \ [ are l>nni;’M to a common (ImomuKilor by nmiti}.[\ m-* 

lb- 4 ii’nt'i - In j , I( ,d ii./ oi l by J , flu* tin or lequucd luiLi-m* 


Or lima 

iy. IfwiNG reduced tiie <>en fractions to their lowest 
Imib, find the Last common multiple of the denominators, 
which di\idc hy the dennmmatons, and multiply the numerators 
lv ihe oca f( spend mg quotient’; then the products placed 
o * Li the ..ml multiple gne the fractious m their lowest terms. 

^ 10 

r l 1 !t'i it be rcqaiied to uMtu c thefi actions - - 7, and — - , tooqui* 

.1 j ( * tractions having the lc,i f l common denominator. 


I ’'i* least common multiple of 1+, i.V, and 1J1 is 


3 fTiM 

~U 
1 ^ 01 * 
22 ^ 


121 


qs 77 y tW three quotient 01 multipliers. 
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arithmetic. 


'then 3 x 121=363} 

5 x 77 = 33 j s. (he three nui.ici.iti>! 
10 x II = IU)^ 


And 


:: 3 
'lo'M ! 1 


38 > 
lo-l 


140 
1 t'L/V 


aie the fusions required 


ADDITION or VULGAR FRACTIONS. 


49. Reduce compound fractions to simple ones ; and all 
the tractions to a common denominator. Then add the nu- 
merators together and place the sum over the common denomi- 
nator for the answer. 

When the frictions arc large, or numerous, it will be best to 
reduce them to the least common denominator. 


Em? 


T: r 1 


7*- l- What is thd sum of J, and l > 

1 -f ? -+- =. f>. Anu I or i *. 

2. 'Rcqi i vii thi' *inn ol fa, and T s ( ? 

? Id- > ‘ “ II. A/is. { \ or ir 
5. Wli it u thfaum oi *, j p i;ul » * 
ri'-ticns when biought to a < (i.nmon d^noaunatci ;u ? l Lc 

20 4- '>+ 12 = IT. £J. 

1. ]! • in ■ red the -um of 7, 

•or = A = i ; 

» ait- ; brought lo.uunm- in denominator are fa and : 


then 7 + IJ 1 ■>. 


Arts, fj = !/*. 


M) When ni’\ed numbers, of mixed numbers and fractions 
are to be add* d together, bring th<? fraction* to a common de- 
n^iinafcor^ then sc t down the ii^ger^^ id, common addition, 
nght 

- Tier, and calry ^Integers (if any) from 


AtW the 

„ 4 
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thfc sum, to the numbers on theleft, which add up as in common 
addition. 

Ex. 5. What is the sum of 421£, 67 and J? 


ev 7 

< t 

490 b Answer. 


6. Required the sum of 1000£, 74$, and 
The fractions 4 * f when brought to a common denominator are 


I? Zi * ■ 
4 S' 4 f' *> m 


1000* J 
7 J 7 5 

( 1 4 « 

Sum 1 OH 1 


SUBTRACTION of VULGAR FRACTIONS, 

51 . Let the fractions be prepared the same as for Addition : 
then the difference of the numerators set over the common 
denominator will give the differenceof the proposed fractions. 

i’r, i. What is the difference of { .»yd { ? 

The diiTcience ot the numerators 1 and 3 is 2 ; thercfbie theieqr'ied 
difference is J or J. 

2. Required the differrncc of $ and 1 ? > ? 

11 11 — 2 9 

19 19 " 19 — 19 j1nl ‘ 

3. Required the difference of J and 

* and & brought to a common denominator, are J-J. and ; therefore 

are 


■im 

•* .. K 



uceo-to.'avomgL^t 
therefore the fractions are] 


J and SJK reduo 




I'##.’ 
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b. IV>r.i x cf' } t .live * oj ]. 

4 cf ‘ - - 2 "* ■= " . 2 — * — i 

. V .» jo — j .> ' / u — nr — 

| ami * n *’m * d in i II ouimon (ii'jio.'miator arc * and £ , 

- Jj. ii. i* ,-f — ^ — i- A>is. 

52. When the difference of ^\vo mixt number**, ora mixt 
number and a fi action is required, bring the f ractions to a com- 
mon denominator as before ; then place the lev* number under 
the gi eater and take their difference for the an v.wt, But it the 
lower fraction is greater than the upper one, subtract the nume- 
rator of the former from the sum of the term*, of the latter, then 
set do\Vli the di fieri :ii c for the nnmeratoi of the remaining In c- 
tion, and carry I to be subli.ietcJ. 


£>. C. 


r.nm 7 r ] 

J <1 tv C I l / f - 

A'jrn. 6M 


7. F join 5JM0I , 
lake 

Rem. MW ■ , 


S. Rc (Mined the di.uTeiv c* of 17 ? ar* ! it 

1 / i> 

'1 J.e fra( l.-M ’ . ; iciiuce 1 l.» , r vu:i on rl> jioiii.n it 


'■ 1 n)Mi iOK." v 

i M IV ti ^ ^ ' | f 

Arm n . ' - In ii> > . 1 I lak , ‘ t \ i ,n a J} °i 

i. And m 4 1 < |I i(*<i‘d” , L ■ . nj'.l ■, 7 i tioin 1 *4 (\<* > m ri the 

U-rms of t!ie !1 l*i j - 1 - "— ) , w, , 1> \ Ini* * »’* i" thing a*, Mibts i< liij^ Ilimi 
fa aiJdnl to j ^ , Iv-. m « if 1 » i , i- 1 « * i * r , ami evidently ioi the 
same iCn’iOn that vr !}«>•!<>. I0 in t 1 e Mil <i .(ti^-i • *1 vdiole mj^ibcr vJ<en 
the figure to be butMjLtf'U 1 > i; */ t above it. 


53 . The reason v h\ fracion* must be brought to a common 
denominator fin the pm poses of addition And subtraction, will 
be evident, if we consider that in oftkY to T M?o|jfcj?are their scvcial 
values, it is isecessary to exhibit (SeiMr-'in 'Im parts ofiliein*' 


fegef.-, « . 

’ tr -wfe . *- jkL a J 

i ic coi J ft 



t jjJMjgpr* 1 to be divided inttf 
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!? equal parts, f will be ,| T| and J "will be ^ now the \ allies being ex- 
pressed in \2tks (instead ot 3<4* and Ufa) it appears that \ is less than * by 
: also, that both together make 


MULTIPLICATION op VULGAR FRACTIONS. 


M. Re d uce mixt numbers to it&proper fractions ; and whol® 
numbers to the form of fractions, by putting 1 for the deno- 
minators. Then multiply the numerators together for the 
numerator, and the denominators together for the denominator 
of the product. This rule is the same as that for reducing a 
compound fi action to a simple one; for when the multiplier is a 
fraction, the product will be a part or parts o/’the multiplicand : 

thus -V of 4, is 1 or — ; and 4 of l is -4 or and there. 

J 1 T 2X2* T J 4 4 3X4 

fore the fractions to be multiplied may be set down in the form 

of a compound fraction, aud the product found in the same 

manner as that is reduced to a simple one. 

I'.xamp. 1. “What is the product of } and | > 


3x5 

7X3 


1 \ Ans, 


2. Required the product or £ and { 


1 y 1 8 4jcJ2_x *» * ? = JL. 

y x iy ~ y x iy" iy ~ iy 


3 . What is the continued product of 7 \ , and £ of £ ? 

First 4 = t ; and 7 { — y . 


Then, 

4x15X2 X5X 6 4X15X 5 4X3X5X5 4X5 X7_ 100__ ^ 

Ixix 3X6X7 3X7 3X7 7 “ 7 r 


4. What |9 f of 

I iwmsmt. Therefore to flrtd the 

product of a fractioa^fd|^‘ 
divide by the denonifnT" 


ply by the hbmfcjfttbr* and. 


VOL. I. 
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55, When one factor is a whole, and another a mixt number^ 
or if one k a small fraction, and another a large mixt number, 
multiply the parts of ihe latter separately, and add the products 

together. 

* 

Ex. 5. Rccjmn J the pi oduct of C7 1 2 r [ r by 8 ? 

6742 t * t 

* *L 

53g3(Vi Am. 

6. " What ia the product of 597* and 24 ? 

« 

597 x 21 = 1 1328 

4 x Cl = ip l 

Sum H347 1 A ns. 

7. What is * of Dull 273^5 > 

i>6H27i 

3 

4 ) ?SSIgSI9 ' ’V/ * i J = TJ-r 

72107041 

4 

7210701’ 4 3 ' , = 72 10704 Am. 

30. And when both fac torj ate mi\i numbers the product 
inay be found by multiplying the parts separately, as in t I k* 
next example. 

Lx. 3. H^qmred the pr h.d of k >7 i-^ !>v ISjJ* 

> - i x ~ 

• y IS ■ — 

. 4 . r / : — 

\ X z 

Si m 





DIVISION op VULGAR FRACTIONS. 


‘W . ^ v- 

'"-37'. Pr,*P A4tp.thc fractions the same as fop. Multiplication ; 
them divide thfcierms of the dividend by’ thdVrespjs^ve terms 
‘ “ *■ if-noC then in. 


iml 



\ 

* 
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Wh^n the term|fCKv ll> divide, the truth of the rule is manifest from 
i he principles of common division. And the reason for imci tiui^ the divisor 
.n tin; other case ftiil he evident if we consider that division is the reverse 
uf multiplication t thus the product of { ami i is j x | = 2 oi the half of 
1 ; but 1 divided by * will give 8, because \ l> contained S times Uj4, the.;, 
quotient being ^ x ^ where \ is the divisor \ inverted. 


Ai a second example, let y be divided by J ; or suppose it is required to 
imd how often § is contained in Now if we divide 5 by J, the quotient 
will he j x -f oi J5, (beciifcc j- is contained 16 tunes in 5)r but when the 

divisoi is twice}, or-J, the quotient will be only J of 15,, or \y - the 

quotient of 5 ih \ ided by consequently the 7 ih» of 5 (or£) will give hut a 

7//;. of ih.it quotient, or theicfoie the quotient ]■ divided by * 


is tiul> cvpiived by 


~ ' i uual to l^ 1 , 
- X 1 


Ea. 3. Divide b\ J 

?)'*{] quotient or rt/watfr. 

U Requited the 5/A part of -}£ ! 

j Divide ^ by “ J 


X9 


7 5X3 


7 X J 


/c 


.//if# 


f\ Divide J by §■<)/}> 

Tiie di\ isor £ when invert! d is * * ’ ; 

' ' T ilitt - 1* ' - 2/ L. — _I 7 y,„ 

» / ■. X -i x 5 6 X 1 — 3 x •- -• * ■ _* x t — a 

7. Let 3| be divided by J n > 
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X £ = /f quotient. Theiefore to divide a fraction by a wiiofr 
number, multiply the denominator by that number, except it will divide 
the numerator, as in Ex. 4. 

58. If the divisor is a whole, and the dividend a large mixt 
'^number, divide the parts separately, and then add the quotients 
together. 

Ex . 10. Required the 5th. part of 4o6I4l2f > 

’ S ) 4361412 

9122S2£ the integral part divided by 5. 

' ' the fraction \ divided by 5. 

Smn l> i32^H th c amu/er. 

50. When the divisor is a small fraction and the dividend a 
a large mixt number, multiply the latter (without reducing it 
to an improper fraction) by the denominator of the divisor, and 
divide the product by the numerator. 

E\. 1 1. Divide 642107S -fy by £ * 
f>42!078-j\ 

r> 

5 ) 38 product by tli o denominator & 

770j2W3f ~ the whole number divided by j. 

the fi action divided b\ 5. 

Sum Am. 

60. In like marine 1 ' the quotient is found in the contracted 
method of division of whole numbers when the divisor is the 
product of two or more factors. (30. Ex. JJ.) 

J5x. JC. Let 87S3 Le divided bv jo, oi 7 time ^ S. 

7 ) 8783_ 

' j. 8 ) l - quotient by 7. 

8 1 b 6-J the whole number dueled by 8. { 

f f, ^ the fi action f dividetfby 8. , ; : 

i-^rn TbtaT Arts. 
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qS DECIMALS. 


<>1. Decimals are Fractions iA the form of whole number**, 
but whose values decrease from the place of units progressively 
to the right hand m the same decuple or tenfold 1 proportion as 
the common scale of whdle numbers increase, to* SgeJdL They 
are usli illy separated from the integers by a comma! or dot, the 
decimals being on the right hand. * 


Thus the m\si number 21 T "y when the fraction is set down 
decimally will be 21*2 ; the 2 on the right of the t, or dot, 
denotes 2 tenths, whereas the other 2 on the left are 2 tens , 
Another 2 on the left will be 2 hundreds, but on the right 2 
hundredths, (tttoJ* and the whole or £>2 1*22 is 221 tVv> be- 
cause and - x together 1 make T Vo- A third figure on the 
left will be thousands , but on the right, the like number of 
thousandth parts . Thus 500S 005 is the same as 5008 t^Vtt ; 
and 5000*005 the same as 5000 ro '^. Consequently a decimal 
h action has always cither 10, 10 0, 1000, &c. for its denomi- 
nator ) viz. the number of equal parts into which the integer 
or whole is supposed to be divided. For example, Jet a foot in 
length be the integer, and conceive it to be divided into 10Q 
equal parts ; then *25 for 25 with a dot on the left) will be the 
decimal part of a foot denoting 3 inches or ^ (~ L 0 - being ~ 

And 1 V inches or -J- of a foot will be *125 of a foot, because 
1 2 • is | of 1000 j the fool in this case is supposed to be divided 
imo 1000 equal parts, ^ 

Therefore Jo read, or act a proposed decimal, it is on] 
necessary to, jhe denominator ia 1 with as 

ciphers annexed as^bcr^ ^re^cimal places, or tbit the same 


number of figures 
the same common 
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fractions *5000, *07*1(5, *0005, is 10000 . Ami hence it appears 
that the* value of a dn.iin.il fraction is not altered by ciphers on 
the ritdit hand ; for *j(X)0 (or ' € . r , J^) when 1 educed to its lowest 
terms is the same as O, each being equal to y. 


ADDITION and SUBTRACTION of DECIMALS. 

62. Place the numbers so that the decimal point* may stand 
directly under each other ; then add, and subtract, as in whole 
numbers, and set the decimal point in the sum or diflTeiim 
directly under the points above. 

r\ t L Required the sti-u ui' -7, *.»M ; and *J ’id' 

*7 

*l){ f 
I ‘.Mil 

Sum 

c 

ftv phu-ine; thedtinu.d p'.p’ 1 . under eatliiaher, Mm no '!.* 
trader trulls, huiidiecltii . r. .'if; <>imlit 1 h*, &•< . «* i!n* me dm! <>\ 

addition become:, the '.me a*. «: ,** .'nr whole 1.11 «• h . 


The dtcmuU in il w 1 . % : 1’ o." . ^ . 1 : ' . " «i as \ r ■- 1 . r i.r 

a re r *\p r«> - j*‘ llul t « u \!'.> - v ! '• b..-i- .‘u ,, 1 « nan* ■ 1 d. . mm * c 1 

will be T( J 0 l)77f <u ’• 

hence 70 no 
MO 

i '' 1 ti 

h JS<, t T 0 Himi of the numerator., end * tl * r \ fT j w/vj ./ 
th<> fru/iohs O'- in Ion* * tu'S i!s.-> u c\ \K uil\ nothing moie Hum ndi>. ini* th.’ 
d umals to .& t c!i mi ,111.0 .» annexing cipher* on ih- 
hand : 


Tim, -7.un 
■0 1 n> 


Sum -S.'.SrJ 


*JB8 S* Wliat is the sum of *01 »*). j4'7*? and 9*2QDt ’ 

*■' * ^ 

' -*s H \ V ' • ' < 
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i*\ 3 Required the sum of 9 tenths, 19 hundredths, 18 thousandths , 21 1 
hundred thousandths, and \9 millionth parts? • 

•9 

.ms 

* ’ ' r *018 

•OOL'l 1 

•on no i 9 

Sum 1 ' 1 10129 

, - 

i, Ri*quir»\l the difference of *406 and *11? 

•406 

Ml 

(• Am, 


. \ 1 > c - i . -9-01 jikI *9078 ? 


• i. 

0' ,, n7' 1 

1 x • ,f> v/«\. 

. V. ( J 1 - tljii* d nut* 'd t suid ‘i'v 

\} 'j ' J .1 ■ 

. Ri .mu.lhif d ' u- - r.r.dW9#> 



MULTIPLICATION of DECIMALS. 


03. Multiple as in whole numbers, and point off ae many 
l laces for decimals in the product a? there are decimals in both 
multiplier and multiplicand ; but if theie should not be bo 
put ciphers ou the left t$ puppj^the defect. 

I'*- i. Rac nilted^l&PjSra^kct -^KUB^aiid -03 ? 
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AR1IHML2 iC. 


The decimals '2 and *C3 v.hcn set down as vulgar ft attains w\W he * t \ 
and T J^, and their piodiut X ~ nf« 5 U or 6 tUoutai'tltli .n 

before. Hence the tinlli oi the rdc is evident. 


a 


O/7/cr Exu triple f. 

Multiply 

*6?l 

Multiply ‘OH 

By 

■Oo 

Hy *003 


372b 

1242 

Product ■uuui2° 

Product 

"l6Ud 


Multiply 

621 

Multiple *0023 

By 


JJy 1700 


Jt* 

Ini 


1 ' i ‘J 



Product l'>i*l'» 

Frudiut .O^i'Oc 

Multiply 



Bv 



Product ol'Uiii'd. 

Therefore multi plying b\ 10, ! 1 o. 


is only removing the cieuma! point so many places tu Un* n. lit as time 
die ciphers in the multiplier. Thu* S2 - l multiplied by 10 is?J. ; 1 1 mul- 
tiplied by 1000 is 1400, &c. 

64. There is a method of contracting the operation * :f > j- to 
retain only a proposed number of decimals in the product. 1 * i 
*3849 be multiplied by 7*26, jand the prod nc' have only 1 dec 
mal places. 1 

r 

•W9 


41)'*! ' > 

; \ ».l i ne ii'fpu red piodurt is Rut t" 

omit setting down the ligme-i on ilk. right of the perpr»di' ulstr bar, jr t 
retain the product to Hk- left, it is evident that the multiplication by the 
integer 7 must begin at 4 in the multiplicand qr the 3d- pi tee in tin 
44cU»al Ironi the le 1 1 () being the mirai^r of decimals to Ik, jcUiucdj ; 
ihe mtilti plication by 2 n ust Ln gin at the 8 ; and that by tf ;.t the v h - 
metnbering to carry from* the figures omitted^ on the tight hand, as m 
common muUipli cation. Rut wlfeiHhe figufffl fcfthe multi] ; • r aie 1 1 do .w* 



DECIMALS. 
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in a contrary order; 5 ':jnd the units place (7) is under (4) the 3cf decimal 
from the left, the figures ii^thc,jnultiplier will stand directly under those 
in the multiplicand, where the respective multiplications must begin* 


'58*9 
62 *7 


4094 

1 17 
^35 




’ 


4*246 Here 6 is canied to 7 times 4, because., 7 times 9 (the 
figure omitted) is 63 1 is carried to 2 %ies 8, .because twice 4 (the 
figuie on the nght of 8) exceeds half 10. — And 5 is carried to 6 tithes 5, 
since a times 8 make almost 5 tens* " _ ' 

As a further illustration of this method of contraction, take the follow- 
ing examples. 

Multiply 8467*73912 t>y 0*725184, reserving only 4 decimals in the 
pioduct. * 

8167*73912 ' \ 

^ ih l j '7-0 Here (0) the unit^pUce stands under the Uh decimal 

yj'ji i j 7 4 from the lefL „ 

1693348 VI ’ ' 

423387 V f ' . 

8468 

6774' 

338 ; fl , 

61 40*6689 Product . * , ' * 

"V * .. -- . , , . ; 

Multiply 3842*63 retaining the integers only. - 

V\ * ' 

331:63 . 

34-56 97 Here units V-and under units, no decimals being required 
268984 in the pr^duct*. ,\ f . ^ 

3 1584 1 H „ / ' /' l- ‘ \ 

;'3D6 

192 - , , - 

13 

1 

mSvi Product. 


'*k 


*; f pl VISION 5 ofr DECIMALS. 

. A »W ' * ■> , ’ ,y 

65. < Divide as in tfrhfcU numbed a^d pciixt t 
cimals in the quotient 

eiefebed those in the tlmsdt* : But if the 

* v * '*/'a n >&&&*&* 



i-* 
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■ A!U rilMETSC. 


, the quotient aie not so many as the rule reqyflfes, prefix ciphers 
’'on the left to supply 1 he defect. 'V* , ' 

,/ v If the nimi^ of decimals in the exceed those in tt|« 

dividend, ann6y'|ifthtTS to tf^e fetter belorl you begin the di- 


vision.' ' 

■ ? *. * : 


When' ttie divisor is $wtfch ciphers on the nghtlfencf* tfemove 
the decimal pornt in thfe dividend as fir to the left a§ &iere aie 
.ciphers,-— But when the divisor is apy other mini her with ciphers 
annexed, first, divide /by 10, 100* "pr lOOp, JStgg* according to 
the number of ciphers ; ‘then diviij£ the quotte 

ing figure or figures, (60) \ / ;C 

, * * , ' * 

N. B. Should there be a rctnaiofler, afterdiyisiqp; ciphers 
may be annexed to it, and the 4i vi^oh cyhhhuj' 


tijBy the remain- 


ccssaiy. 

* 

' Divide •Ol7^^|>y 14*4? 


* 4":/ 

v "“ > 

*v *•>>? *** 


* i &j>' 


afr as is nc- 

'4Y * - 


, W,4f' 


^ v v*, * * 14*4 ) '0 1723 ( '0012 ^quotient* 

- • ?. v , ■^v* i44 r ,t * 

*.? 


f V J* 

; n \ i 


her of ckviinub ui 
|deud ; ,*i d th-re- 


. PrO^f , >• * JL 

14^/- , 

4 *0ftf3 «, ‘ ^ j - < —< 

Product ■oI'tB ' w jj^r fi 

rhe divisor and quotft^t Jtaiisl 
fofeihe trdthof the t^aniife&^u ¥■ 

% Viytfcpf&h? H-4 ? v -V 

1 ' . 

( !*2 quotient* ; , *S1 ) ‘^153/f 

^r^’^To r- 



by 

' . '5; 







, DECIMALS. : 

■ . „} ft •• ' • '*• ' ■ 

5> m<k- 172* ;%*&(*? -./■ Divide 

.;,a ..iiS 6 wK.ar ‘ 




Divide 408 ; 


■«H’ 13 KL 


.v. ftsp &2 


Divide 6-4SL^^^^f®’' ’ , DlWcte^^fe/i -•-"•• 

... ;<») yws^ ‘ *jfO( ; ; , * . , 060 ) *,. 9 ■'" /. / /. • 

■J '*')'£ &£ (fltjAmt . 7 -) '' 0 e 4 tf ■ quotient by 1000. 

.;•' ¥ . ■• . ,* 8 ®r • 


. Divide 200-O by #4Q0$£ 



./v -, 






•> iu 


<»C. W, B 

♦ • 


^rewtoied.m^ 

*i_ _ • 


tiu‘ quotitiu, tbe dl VI sl^^ay^ljj&^ontraci^ in, thi^l^Vvincr' 

mauncjp : ^ ,{T i, _ ‘ ? f* 

^ iv^i soroi^ re^ jcnor^ tJ^anthe numbCr_^^^^^ 

diVKkHid^^^^^^re'^^i,'i^i ^and of the 

nu*ml)L*rini’ r tin i^AfeoKrt. : -JL <- i ^ ^ ffirF 


nunnhuriAg to ciiSfy wythc irfcr^gSws ^ 
the contraction p|^4^ffci|jfi^ari"bn' f 
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ARITHMETIC. 


' The number of figures in the quotient will be 6, 'vjj. s integers anil 4 
; decimals," therefore we must tajce 7 figures for'thedi'vrsfir; 

t / ‘ - 4 ' i ~ 


, •-■'tf'T. ■ ■ v 

2 ’ 84 |S 712 | 81 ) 34-78000 f 33*3945 %tetoajr. 
-#-■ _ , 8 , 5+0138 ->i i 

- ‘ > 8 . 4671 $ S 37862 , V. •' - 




> 54014 , 


28*57 > 83848 
, ■ 56934 • 

2846 } 26 ?>iS >?i 
25620 -jp 
284fTv54«|' 

1 138 1 

2 im;, 

142 > 

»r 


A « .'V /, 

OmV 


The two right hand figures (JM) of the given divisor are cut off, and . 9 
are carried for the product of 8 by 3t Aildjnstead of brjggtagltown each 
divisor (as above) the figures may ,suc^fesively tie pot Atm off. It is 
also evident when the number of figures m the «Jt v ^ is less than the 
number required in the 'quotient, ^ 'ciphers ;nust be added to the 
’former, 'V'tw A,- “ 


To reduce a Vu Igaf i o n to an equivalent Decimal. 

67* . A dp ciphers to tlh,e ^iiJi^eratof nnd divide by ? thc, deno- 
minator* then point off as marty. decimal, pjafc;^ m thfcc^otient 
for the answer as there were yci^hera ar^ \.cL: This is con- 
tinuing the division of whoJe^ is a remafy* 

iety fcy which means we get a tieftfrffjrift'.iiie ‘quotient insteaa 

•yf a vulgar fraction. * 

, J , >• . *• > »' ■ 

:‘W0^&(^vn^)e 9 y 91 bediyjdpt by 3% fhk quotient i$ or 3 3 l x , to if 
Iphers are added we shall have 5*03 i 25 fur trie quotient. 




w, 

rr' 


32 ) ( $*Oj3js*5 quotient. 

96 “ ' 



DECIMALS. 
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Ihe cipher* only point cut the number of decimal places, and 

tWefbre 97*O00WPis the sat* u? a$97, consequently 97*00000 and 97 when 
di v«ied by 32 niust give equal quotients, and thereto e the decimal *03 125 
i**tpiivalent to Which also will be evident by taking the decimal fe ' 
a vulgar fraction, reduced to itj lowest term 15 ^ • 

Other Examples* * 


Reduce f, i, and £ to equivalent decimate; 
^4)1-00 2) VO 

TT 


Reduce id a de§sitnal> 

*• 25)3 oood<*0046 Aits, 

H 00 ~ 

W0 
r A OQ 

* * 

Reduce ^4^ to a decimal > 

lonco ) 916 

0 'lo_ Ant* * _ 

h* ~ a v 


4>jWW> s> 

“ ^2 An *$h and 75* 

v„ 

Seduce to sf decimal f 

i ► 

12500 ) 2*00000 { 00016 , Ails. 

1 *500 
75000 
7500 Q 

Rfduce -J® to a decimal > 

12)10 000 (*333 &c. Ans. 

1 96 
40 

40 

3 ! 

“a 


* * 

same thing, reduce to $ 



0040333 &c- 4nr. 


Reduce j. tp a decimal? 


n ) 1*003 &c> 

U/S^THSS bc.Am. 


Reduce £ to a decimal ? 
9 ) 1*0000 ftc , 

ii lfluto* 


The decimal* in the last example* are called circulating, 
rccuiring, or repeating tfesimalsj because the same figure or* 
figures arc regularly repeated* # J 

68. When an imprope/ fraction is to be rgductdwthe awNFC-v-* 


will l?e a £iixt number v ^fh^s V » **nd V s 
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ARITHMETICS 


If the right hand figuie of the dei^tyvnator of the 
fraction to bt ledjyxl is eit iu K 7, qr 4 w mahiit^t 
there will always* be a remainder i&§$ and qqv e j * itfir 

the decimal can never be brought £fftjsa]i to the vul'^£* 

fraction : m such sasee contmue the dfrisioti to 3s tv un | liees 
of figuie& as may bo thought hecessary. 



’to* DdOjafKvClMALS are \uli;^r f^Uo^R^^^js^denaminUo * 
arc 12, or 144* oi 1728, 6cc. Xhe division sub ai 1*11 n 
of the jntegei being in I2$r tff tofe as^n ihc decimal 

scale. Tbe method of operating f actions time* 

rili^d c/cm viul*i hivttoti} ssei ijis td n wo bee 1 mtrodnci 1 f n* 
the pm pose of com, uti ig the coatei^p of artificer^ woi 1 1 h n 
the dimensions arc n\/^i?r and *« aud 

^ncs or iSZAtoF an inch. 4* 


% » 

^ ?;j* #w£<?. Setdo^athedlmenMons tob' ntnUipSejltiOgcth - 
feet &4y $totd nnder feu, inchc» under n*clres#,&c. 

Begin with rhefutin the multiplier and^ th^/mvest Amen* 
sion m multiplicand. GdxfyH to fo^eye^lfc in 

^acb product, s^Ung dow^^^re under the 

corresponding terms of the-ls^?ph^ra»'^3l^lit, multiply nS 
the inches, and carry t for everyast rti/Wfbre, remcml i mo to 
set down the result one plate to the tight of the product by the 


feet, And m the same manner p^htpesd^wnh a Hard dnnisigskm, 

&aC* Theft add tit' spiral products together, t trrjmg } far 
^tjrery 13 as before, 4»dj^be Sum wtH be the Answer, A 



r v . ((Met, 

Multip j ? ? 0 , 

By - V' - » 
eir » Tr 
* « fcttts.lt* 

\»+« ,tm . 

>iL ?T t «-«!#>« r > /**< 



■ ^^Vcimals. . 7 : . , 47 

The rf , win; the products in the manner directed by the 


rule \mkbe ej 


^t^tWhe denominators, hujt multiply by the 


jfcut* s^aratgfy p #^p. 3. in the multiplication of vulgar 

■4i&libin»}: ' , 1 ^ * -‘ntsk' 1 


fTRw 


v lhI3, ^/?wCv 

^iP' ^ ^C' / ^ • . 

First, - x -\r x 4 T Ybr 3 to be ^carried and;^ tb set down, 

and 1 xi) =f^3 whiefr With 3 make 38.. ,*' * £\ {£ , , 

- ‘^A ’it ' 1 ' " ' vD^-i 

^4 Secondly, x xt * 53 r r^t OV-^Ho be carried and -j-tt to set down 

(b ■' .use pj'o&any denomination lua^e 1 of the nc<t superior or that on 
. t'j-hfi'r. : T ^ . 

1 yjfc J -j*^ , ' J V >4 f 

And 7 x i" = rr w6re carru^tb^^^, or 3^ 

i ^ef dOwn. ; i ‘ v \ V ' 

61 *N ' » Jf« , /* J 5 * ' 

+ ^ -S^' f ; i 1 j » , ^ ^ ^ 

The art$^pjf]6^ev( r* Jn this example, bsobner obU&%J hy-tfcL^usiai||: 
tret hod oify^i^iir r Ji^ct ions, th.:s . v ^ 

y Jj/S.*'?'* ' f i.'' 4 JL < r *' 1 

-\ 1 S 

- ./Tgwk&fc®. ?.:’> 

.- ,HiV V. X / -J 

h^ 5 i»»n 


y -rw? ** j f - 1 1 " 1 " * *<4 S b p»* 1 1 Ai > » 1 ^*r 






akithmltic. 


4 S 

♦ • 

Ex 3 Require! the number of cubic feet in a rectangular d tch whose 
breadth is 8j» depth P, and length 1.1 feet’ 


Here the three dimensions must be cctotfauiaUy multiplied lo^eti w 

A In. * V “ : 

4 ;8 

$ ^ „ 

3 t 4 

t 


* a 

4 

39 

3 

121 

0 

47<>y 



£ p or 479j)rj, cxtbicftti 


Or thus, 12t C / 

4 ? ' 

484 .. 4 product by 4, 

40J .. . product b) } m 

40} . ditto 

~t i = 121 X 

s 

7J i } . product b> 8 

s°} 9 i prfcdtKtbj 1 

Tjj} the a nu cr, asiefore 


7 *. * TABLES/ 

t Jr 

OF MONEY, WEIGm^^NJ) MEASURED 


OF MONEY. 

Markpth 

Farthings \ 

4 Farthings . ‘ - I Pennji "" tf. 

> * |? J?ence * ... = i Shilling s. 

j'fft pullings . = 1 Poubd ' 

*W FartbUjgg. . , = Id.. 



w 




±9 


lh PENCE TABLE. 

. ;iX 5. rf. 

VifiSP' t 


! SI» 



troy^, weigh 11 

K ^ 


(/111 

2 1 Grains 

JO Pennj v eiglits 
12 P^es . ... 


Morjfed- 

’« « . ..«««.«. . # *; * 'S r * m 

V 7 

> i Pennyweight 'dwt,^ 

=- t Qu^e, v /*'«&*' , 
-r 1 Pound ’ r & 




i. thi) weight are ve^hed Silver, Jewel-., and some Liquid 

. ile^.sc'iiiKiows^OPpJi js of :i diamond in carats of *% 

pra:uAU«»\ '^tt6^jW^‘ v *_A carat^fcvvever, signifies tlie -jV of a#y!^ 
ui s m I. 1 , ic afg^d: ’^ndds geutiaih ti-eu to denote iw 

!\ j i;ree of iiueaesS . v ; 




?Vi' v 


; ^S * 1 

4PFS WEIGHT.:'-:: t : . 


:v 


v *. 

■•idttrv 


CJraitw • 


Maikcd.’ "' - 
gr. 


fnimk'e l Seniple sc. or £> 

■y \y i Dram dr. 


or 


. . . ; rt\ . l $unce ok. °£®|t 
'jr^S f. \ 5 -2 ’ Ou^feeV- ’<. . v. . .- 1- '^buad , 

^^“'Jgpund is lhe same, as onlJr,s4ifeent!y 



\R i T :TM hViC 


\ i ii ''i r*- (i 4 -' ^ ‘ to * ■ n 1 1' 1 ■ ’H 1 rn nutr tnfcdiciuc*, * '>i buy 

*\ v'OM 1 .;] 'ji* M o-f'il. 

AVOIRDUPOIS WEIGHT. ' j 


Drams 


' Mark':;* 

, dr. 


In Drams . . wnke l Ounce , • . o%* y gr- 
in Otises '}h 1 Pound l l > ±?70()0Tn\ 

' ■!' 

Bs Pmm<k*&&% i Quarter . 

4 Qnarler^ orTl Cl 1 ). ! R u n d red W^gjct yiv / . 

20 Hundred I I^n 

>' Aijd 8 jt>. m .i Stone in the London Markus. 

*/*}>! Hlb. ;i Src.m, Horseman's Weight. 

i»^b; a 'JVd 

>Iy li t; WVig'si an j w» uhM • '* f;«Y>rnne%CiMiO!' * VPj» * . » 1 ' 1 - 

and all Mi;Ufo except G oaI .um! ' ilu-i. tf,‘ 


, . i 

•vf ; - ' 

: ~ 0 y 3 Karlev Corns 


LONG MKASHRF. 


»/'//, t i l ni h 


1 g J Liches- 


t 


; \ 3 Fust' .. K.. v . I s yrd. 

C Feet /r, , 

:* A* r.T.Ji, ..r !«$. J . I ..A .. . , , 

' • ’ 4 l» >i-r 

>. h'or!<>j»^-., . * ’.m '• .. , ‘"V-fai'e. 

^..3 1 Leacue. r '' H . 

W' & 0 v' Milv „■, j^Shfrtpc,' 

" ,^'360 Degree* i 1 - - M ni!i’=> cih;u...Lr^SE^y' 1 , 

•*' .. ; ' , w V 

‘ ** s' J*- 

■ V,»-i 'V*V' ; „ V ' ' »' 

* ; • ■ * • v- : 1 ^^* fca L p ^* “ 

6 « .F«r, V- ‘ , '.-*•■■ ‘ 

‘ v ; * 4 ;■ 



TABLff. 


*1 


CLOTH ’/LAi'CRE. 

J. &■- 


2$ Inches ? 

l Kaib 

4 Nirls,.,. 

l Quarter of a. Yard. 

j Quarters 

L Yard. ‘ : " 

3 Qttkrters 

. i EHilcmish. 

6l\ .Qoarter# .• . 

4 Eli-Kii'Jislu 

6 ' Quarter i... 

* ’ f 

; . . . i Ei^lrwch. 


. •/;, 1®; ■•> 

, ; SQUARE Mi 

[.AST REV <’• 

^ V 

. \ { Sqmr** Indies* 1 t , . 

vwhe ) r noi Square, 

() SqiMie 1 ■ l i * 

i Yarifc; ■ -L* 

30 i ... i . s 

» "'A&‘ 

40 Siji.tic Pd - .... 

1 Rood. ;/ 

4 it.i'nU. u 1 . ta Sqiuie l 

>f '!'■'■>. •* . I Ac - 

4 ,'lo ^«[n:u \ m-’s ^ 

I \i ft . 

lO ^ JIUK CIl'UIH 


r t ' MO SfjlUU 1 - !.-» 

. C-Aoe. 

"-.v 

, > V ' \ L' r II , t . it- ( ii . < • * * 

T x fl , K* 

v Ia. ii * 


p ■ 

exist C otc‘^6 ' 

) WMt\S\lk\L 

^ # » 

■ \ >. , 
•*^,r 

i 7 - Cubic laches .... 

, % .W.* 1 ‘ „ , * 

$1 r-iliic Ffcet 

. . 1 \ U! J. 

Measure, Stpiie=^ IThIVN ,i 

. , . ?>< 
4 ,*n \\ * / •’ of du»:entuw3Li 

--t is’tN. and art n.-a <i 

He! 

‘ ... 
o* * ’ *■ 

r * 


' v , PRY o VJpOR N ’ T EA s. KiL 


'-*h- 


a PIrttBs’.. tort U • 

•2 Quarts yv... * , • » , }§f . ; . t fettle. 

gPuUk^ or i D uifcte * -. ~. , t: t V. . . i Oaficji 

iS&fikJgf,' . 1 ' * fr\' 



ARtZHMKTn\ 


? GiJlnns I . 

4 P^ s 1 Bublicl. 

5 I^umkss. 1 Quarter. 

5 Quart cis, or 10 Bushels" 1 Load, orWcgS 

2 Weighs 1 Last. 


The Com or W itic 1 h*silt liu bd js 3 jiu ,V , an: IS*. ifi'v^r 

diameter, and tontdin- tm'.ic i\chcs; t|iH do re the gallon r <M 

t.iin< Cu8|* Hut theCoJ 1 Jii-shci iiiu - 1 be IM mditk uj cliahuti : , . ' 
Di’^hcla nuke a Cl«ikiiv‘ti. 


ALE an p LLI'R MEASURE- 

- Lints t nail* \ Quait. 

r 4 Q:i'iu i Gallon. 

$ dG Gdio - .. j I >#i i l). 

ll T? > n reR . , , , , \ Hoy 'hi 

r J IJaTfcls .• v . . . 3 

2 Hogsheads , 4 . . . . i 

- Buitb I 'fiu - 

’f: The A.e OJJon c<*i \*»«e, Ci.b » u 


! . WINE MEAH'RE, 

2 Pints S make \ Quart. 

! 4 Q ‘ 'is r i Gi®OM. 

v ^ o -J,M \ ;i 

| <•* 1 Kt «* •! . L 

| a 2 . j Piuu’ru'iiu* 

? 2 rv v ivm'Is 1 Pij i-j, orf 

V‘ ' ■» Ph - V v 4 ‘ r Iu :i. 

* A Ifhe Gallon co*i 'M'j 5£1 tuhic inches. 

?i a\ sji e ,i * .e<‘, <i i \ ii u Npirus.fiycW, Honey, Qji, &c 4 

l 'V \ , TIME. 

i * * % . *. . make i Minute^ A 

i &0 Miiiuto* * +' * r * » • t f + 1 * ~ i X IJour« 






°i Hours . 


,'G5 Days, 0 Hours , 

,i65 Days> $h. 4S min* 4b 


. . t Natural Day*, 
. 1 Julian Year* 

. . 1 Solar Year. 


3J 


I- O RFJGN MEASURES of LENGTH. ^ 

* 'K'> v . 

- he Rhyjibnd ’FoQl — „ 1-013 ? English 

RhutlauJ/Iloddl, 12 Rhynhmd Fee* 1 2:3QG $ Feet. 

”V' i' . . 

v' '«**• 

1 lie Frt udi f £*ris Ferf * . 2 k 131S 

Common French Lea^'c, v’O >0 Toi *is # * . . . 42tf3 

i 'iniijon I'PiR/i Lc-aguc*, 7 ) to :i dr 'give , . 48<S0 , 

iii.ibantLiMir.ir, *3800 Foi&es milmi'L ^ .... 5*jdS 


Uc'liiii \M- . lio to a Degree 2G#9 

im r .iv..i Mde, K*» fo o Degree H116 


fhj totbe French, and the German Military Maps and 

• ! im are .o Mitoiily in League, M'lcs, Toises,. or RhwilauJ 
- Vn Lut On fe etc m. ' comma /r” German Miles * 
« o )‘ * of no J. kTiii'na' ■ l - thr; according to the Table 
L - J ■<■ / / Uioy vary from l0OjZi> ttr 985J0 

Arid \\c Mumdime? imd a stale do nominated, (t a. 

•i , w/ , ■ ours walk ui the ms'L** 

V 1 

7 i. 1 0.1 . m. measurements later/ carried on through France j 
■ *d ;»"r! *>i bp.i.n, the french. Math c*/mi tic uns concinne (accord- 
mg so a pmiiv. S.’i hypothesis' unit V ot the whole terrestrial 
me turn is 3130740 length 5 - *ind the w/ millionth ■ 

/*t/7, or snoTlOofa Toi/e. im v ‘ Mdre,” or standard for 
the ine^im - <1 '< u-.iii iK^.^jptcd ifj France* This Metre is 

equal to ."-‘v 0532 English feet. \ ’ . . / - 

* * - < , ' * 

"■; >/’ , •* 

Op EDUCTION. ' 

•>pertthou ot Hungup nunlfcfclft from on^namc or 
.1 to anoiner witbop^teribg, their value, is called 






AHI i 


;fh *Vhcn a greater d'nominaiion i' to be 1 educed to 
(as pouiuis l o sdn! or h\t u» niches) the process 

Muluj ludiioii. Ihu I'jfc.; *j :nonnnatiuns firo brought to *i 
*£l>y Division. 

* r , 

, 'Ex. l» Reduce to Olill n^s, prsit r-. and fat things ' 

By the first of the ’/r^gom » Li’ilt* i* is evident that 
Pound* mulopUM bv CO give 'id)lini;$* 

Shillings umltipliwl by 12 «iv' pence. 

Pence multiplied by 4 give fai things 

C vcequently, , 

rnrbm^s divide*! by 1 S> t v u pi r,c<“\, 

Pen* i* divided by i‘J give ( .nl inya- 
$hjlJ'nv' i i' 1 — . I by ^He pound?* 

Sir 

?«J 

„ ' * Mie ilud u^, 

! » 

■* lilr 
1 

SO< • M > tb? f(U fhf'g * , 

£x, 2. Reduce 80610 faithm^ te 1 1 . ! 

1 ) S0«40 

i j ) aoi«>5 the pence, 

20) I.5H0 Uw : shdlings, , 

fi, her . * i ':b>{ * 'O' t'ir>al in wihifrto ,i f/jt'fC 1 
by pfiO the tjwiiie b« i*a - . liitxsr oipoun'h lequirv'l. 

te - ^ V 

■„ »* j 1 - '**0 ( dl'Os before 

! " jfc 

,‘S4'> .V 
A ' :3stf? 


a It f * 
is by 

(CJf* t 


", ' Ex. 3. Seduce ecn79 farim <gs lo s«rand«? 




6DUCT10N* 


t£ ,p (f. 

Reduce 27 17 10| (o farthing-, ? 

2T , 

20 

MO 

17 them. add. 

M 7 

;j jjg 

G 6 B 4 

V : jO the to d. add* 

C'»OJt 

2 tf* 776 * 

# r r the 3 farthinos add. 

< ! ^W /farthings, tJ\e Answer* 

ic^pl guineas to pounds ? 


/ lv • !uci 


ST! 

yi 

1 '\r,' 

• " j shillings; 

yiv — 1 1 






^/ 7 j. «£ 9 T 7 Hi. 


Ked.ncxri^ to failures? 4 . 

, * . and y ; x iW *y/' r I ■ *fn#, 

What is J of a -t,’ ■* , - * 


. ^‘kVi , 

20 1 , X .'VA\ 

, 77 ; f i 

35 1 - 

J '. > u 4 *'' 

t: d. ' ■ '• 

- } w <*'/ ', -wV 

5G , : 

"■ <-}*■. *t & I-H-, 

a . ; v j, ** 

■1 crs. pJL:>! 

?)“'■ (■** •: 
n 

s ■ * 1 


</. £W* 

5 a gjt 


i s * 

S, Reduce to peace,; or rather to the fraction of s pennj ? 

, j * " V * ' *i 

•*% , * ' 1 ‘ t v <f * • * \ 

jfeTfeWj 5 * H 8 ?* !1 = l ' Therellw; y fc of a &i$ equal ; : 


v or 5 farthings* 

Sfuw?t 


r ^SSv 



*« 1 arithM' 

d. 

■ --9* Reduced* to the luul:o» of a s?i 

j * 

d. 

3$ = 23, fqjrfhtr.gs, ulrdi Jukied by la ae nraxngs in asnimu^ 
gives the Ahstc e; * 

10. Reduce r 3 r oi a gutne* to tli-' ueiu munition or f\nvoi‘.‘ *. 

" r x 21 = 4f> 'vhiuh divided b} j guo 3 the yin^r* 

* ^ 

It. Reduce (#\*3 to fartlrng^ 


«93 X 2= 892*3 farthings the A*m tCr 

" 12. What is *5*3 o! Ur to fitvl t (J 

a pound. 


: * 

Shillings 17*."^ 

' . IV 
, Foilc j6*Hh) 

'* Farthings TfjSSSL- A'*' 17 * « ■ 

. ' ' ' # ° , — J-- 

f * • '_ * . 

j 3. filing 9*3 i pefic£;ka the J?ciin / >.i j »£. 
m ' * 

/■ ’ r- ‘ ■' *' , . 

|& * *- . 3*0 ) °*S10 ( V'itl'Afa ^ 

r , 1 < . . ,J:iL ' 

\ , . so- i, : . • 

* 24t' 

77** I& J&e manner oll^r o n s .«r. educed 6} 

inean^ of *he mnuber* in the rchru-'nibc^ng. tc 


f tnuftiplvs Or ,as tU* case trS^Sgm m 

vV /c; ■ ; -*• **, ■ T r&W^" 

y- v \;gw', * „ - ;■ . ’.5BW 5 * 

r X 14. * Itow many g^neas weigh a ZkTr oy* egth bring 






' 12 X 20 X9* # Iff. 

/v# «r. ; ge/ , Afr. ■ , "/ '**' ' ' •.*,?>> : ‘ 

• ■* -■ ■ - - -t-r - ')• ». 
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H. If* jo^odyno^n^^fe'eadi 4d round? of cartridge Htflth. bull, *hat 
is the whvl^vei^ ofkud/the baits being an ounce each ? ' / ■» 

' - . w V. 


> -. 4 v 1, , «l {«„' . 


i v. . 


^ ^ i r< 

‘<V r ‘ 1 lOiXK? X 40 = 4OO000, 

* lb. , 
^ASjgo* =£25000, 


v ■,• * * ^ . 


r. tow. (\ Ibm 

fcJ w- * 

i n 

i un huiuhed weight ? 


' *a5^« =: 'Ji3 JJ ss II S 8i V«i, : 


\^|LV r » * - 


^•5 

i \» * 

“J 


I ‘J 

<, lO 

! j 

ii ii> 


o 2 > </r. 
si/L\ . iOofC O*’ l 


lied - ■- '* J '. ‘ o, t'< unul of a yard? |JV^V ^ '* 

■■•■ .. * 1**£ 'V ■ 

a )?'.’■_ %> •_ .' -' i •’ J; t< 

^ & c - V'ft --&>< ■' 

;‘ . 1 

K-sUucc ^ ot j i .i „j yards, &C.I • ‘ - / ' v > 

i», 1 ■, . $ V-fU. v \i 

-v !«*'■'. 

’ ) 5J8er('754\ , 

X\ ■ T”"'!j? 




yds. in. 
Ant. 7il 


f '?r 'j * i r f , i 

' ■■ ;• 4 ’n nil i(i * 

- • > Vj ' " . . . , 

V, 1 , 'V ii.it is ’CCS ef a'iyahjK-S - . . ', .£• j» . ' 1 . ■ jjLi£i 

a r • ; • * • ■* . <ras 

. - .»' 3 ?>t - . . Sr? r. £ (■/.-.' • . *r?’. .' 7 

:-j?s r^;' '' vj,r- 


, 3(1. 


,*- v > , ’T -.•* ,. *•*■*&.. J' >w> 


W»5Ar ■;&. , 59 -7 4 ^ , , 



* . ' ' { 

Reitacii.tf a cubic yard' tci cubic feet > . V 

t i I v ^ f 

_ , ; i X 47 = H'- =s 33 fe. 

VJ52.. • •Recife &4*984 cubic iucbcs.to tlie decimal, 

*V ., ' '*-•'"■* !Li{! 8 -* is«ij 3 tc &c. A?fs.,$iL% » 

>f.' . /■. r •• r • 1723 ... ... . 

23. Reduce SO&^bjnlanil roods (o E ngl isU miW? ^ 

'. V ' 4* tiff, yards =; 1 rood .’y 1 ^ *.'■?_;' .•,* . -- 

\ -. ' 1 
V, . •’,? 4*132 x 500 ss 29 j 5 ^^<#'a?? , JOt) 

u' \ t . • :*":&>■ * 

t. i A Reduce an English miie to ' * 


r>'' v'- 


,. .TO 

JlX sss 825*709 &c. 
■ui5 


' ,55. Reduce Sfenc^eagUes (25 to. a mile8? . ' 

- * ??T. ^ r • _ '' J / 1,4 " 


& 


in* yds . ’ 

SSf^ss 1J 14 ^'j .*#«• 


V, 7 




ft. ' 

, .... 


iW‘ 


. '.a** 

■ &*<, 

|. 78. <£>*o^\Adai^» fT&f 

jk? dminminalions : •* *.-* .• 


^different* 


of different dmioininaiiocis 

. .7^|v;Re%' fcacti M®wp • •.-».- 

jNHHp»»fcvm5 d,< *||§ 

? * Then set dmviOM 


^B^e?iKyiing3, fcet l tinder feet, : &^o ' ■'"* '< Jw 

fW.Wthe 


^'•JW tip the %ufe? in thewVeHSwaS^ 

, of th 

^^fetion'^ contajne^Wsuu^, Sett 

p : &' uni, §^^^T l 



IKv’' Vj3c- r ' ^ 

in.jiic- ; 'and so on,’ uil^e; wliolft^.' 



A <fs t •. 


P 

- :r 1 . %' 

0? . * , ' 

* - * . '*£ r. $• , df i£ S . <1, XfZCyu$ % 4 

3, What is tli^Sbr^ <4 16 9j, S"*) m, ani’Mf ‘Ssi 

'•■■■•■ ' ' •' -, „;#? i'i* 

1 * y ■ w *h f '■- * 

' ' dr Sm d* ' 

'iff* 4 1ft 

. *>\ * o of: „ 


A!'*' 


r ^' 




6b ' AfcrTHAUt.lfc.' 

r ' V 

<€ ' *• ' 

; 5. Add 2*29 and 17 *2 11 togcthei ?. 

*29 

-go 

r 6*80 

* 

X £ i. 

«•_> 9 sc C 1-S 

I7-C11 - ' ' 

Sum ~ -i 'QI I •- 

n. AVhat is (be surt of 7“ puiheas, 13 half guineas', thw-l j.otf s, 11 
half-crowns, and : 7 9 doilaic- at 1 v. i Jt/ each ? ‘ . 


*77 oniivMc,.,, 

-*- 80 

17 0 


I* 1 ) "hall-i 

... — 

1C c 


'J lire** 1 /. tfoU’s . . 

kpr * — 4'i 

n •» 


II h a 1 f < i(.vtv* 

=r: 1 

7 r 

1 

dollar*, at U. 

1; . .... --- d 

0 ' 


• ’ 

i ; > 

i ' 


lb. />:\ cu't* A gr. r:\ duf 

' . /*■ fa rr. 

rfa // . 


Add S? 10 18 J«% 11 ].» 

if', a* H 3 ,1 . 

, H 

toy \h\' T ) 

' , i Ibi cz , 

(h f\ . . 




is r> 



/' e :i J* 

r;> ir- 


, 

■ - r ' 3^4 

p n 



/ 'Sum’ T7V 

o ! i 




’ H) o’ 5 9 cr. ih 3.3 tl gr- 5 D ?r. ; 

8. Add & JO 7 £ i!}, J 6 6 2 i,s, and 7 I jo 


r 

V. 


fo 5-;3.D^ , 

(> '0.7.-S- !<>.'* . v 
1 fi 3 JVi-’i . 

^ 7 j 

' 


v ’<r- , .. \ 

* aM.yri'ty. or. /«>. o?. or. 

J 2t?_ 1 1 { -ancf'3 1>- : < I t d,‘.K it togcjfoWi 


art qr. c> 

> 


Ur, 

J 07 ,M (l , 
S 4 \?l£ll O'’ 
3* 10 KlS. 


V ‘ i* . '-'15 £ IIA , ■ 


‘ ' > \ - 



cut. 

If) 1-* .0, aiia' 104*44 be added together ? ’ , 

. ... lb. 

. . *j&‘ St'H> #s,t-V-T2 

,i Ctftf. ■/$. 

•' 4 (>2-72 

’ 9 10 H4 

w,~ '• - . Ti 5rl6 Ahs. 

\ jC'^} . 

i I- A()d v’tr?, 2*4, and £of an inch together? _ ^ 

, - 1 K *1" 

y«/. ■ * v ■ 1 / iW/ v . * 

■ < v*>e X-3fw !. i> 132 

AW. ■ " . . ' i 

‘-*■1 X i$? = S?.S*8, 

*u . ■ ■ . , ■ 


■ ■****>’■ c^: ' 0‘~T77* R.t* 

■ V .I^rhcs \>)> ; 


1'\ 7 he* con' juls ni tlnre n elds A, It, C\ were as Uow ; rt<rjMr$i*tW 
V itcic Millltvi ui 4 l'K c ? 

j . * - 

etc. 1 ' ods P<£* 

* i ?+ A i4 .j 3i “ . 

ui ^ .‘co .; v , 

* r 1 VJL?± ^ \ ,v ' < 

4 J^V^H , Att$, ;,, ’nj' ' \* 

” ■ ~/7 ' /’ . \ j 

i n -. \ li' id h.\I.i^ been mciViin cd with thcr chair .m 4 <Iivj«wv.«, <’-c 
eovitT.ts wt' tM-md b-Io'v. lUquircct the whohMininboi of .act*- 

- chains '/ \t*v ^ *. .* r . 

p«. 43\- :»&.$ " * r 

- -£&'$' '3 

■ . ' v-iCii-^i 5 - 5 .*■'*■•.%? .. 

Ara *'• £7^ ,3 v^Oto - , ; * 

VS-.T7/ * > i 1 '' * t 1 

' k H* ’I he li cojiteniis^a^^vd work arc ftXuV 

JS$A &.i s ; it:/*' :v«.; wfiat U thgwhole content ?. <’„xa ' t * 

r *r ' ^ \ - 

ict ' - 

*J4 lot) 


/ 



#2 

*“*>' ’ ' , ^ 

15. .’the cubic coi-.tpi} is of three pieces of iiin^qc are ^/- lvZOtru £j/* 
1 o&iinl and li]R \\Oliu, how many fet in the wljole ^ 


J 

1\ 

in. 


' ”<} 

1 h 19 


/ *' 2'i 

J>il 


to 

1 104 


7“ J 

>v>S ■/////. 


i C. A dd S3 cubic v ard-, and 2 i J -cubic ftfrj; together ? , v 

• x 27 zs y sa'flj. W l U J v and 'il J =s 

p ‘ - J W. f, T ~ 

‘5 ittf “ , , - , * , * ‘ 

_jn*/ c 


- COMPOUND SUBTRACTION. 

60. Rule. Prepare the n Timbers and set them down as hi ^ 

Addition, only l^t Use less stand under the greater. 

* . - 

Begin at the right hand, and take each number in the lower 
line fi;oai th$t above it and set the lemai.iJcr diuetJy under : but 
if any ntimber; in The lower line be ffu'tkr than that above it, - 
instead of adding I OVto the tipper one, as m rintplc subtraction, 
increase it by as, many as make .one of the next higher denomu 
nation, 1 then subtract the IdWcr jYinftber from thesmm, aiyf set 
do\\ n the remainder. Carry j for. that borrowed to the n fejfet , 

■« * ,i i' i • 1 '*'*.{* V i . 1 ’ii i i ’• 


number iiUhe lower line/ and : 
finished. 


[djgfoYe till the w hole is 


. , s- 
U*Tw .* 
kc W 4jJ$- 
j?oJih7> *\ 
Pu>of*.-i id r i 


1 'V '"V* i J*" 's’ 

; ’ -> "•• * x rf. ' 
, • 2.’ Frr.r; l>) 0 <>* 

" * " V Take *' o Ojc 

‘ AV/x. b> n"i)[- 

- ^ Proof i 1 0 *J£ 


; ; x s. d. 
From' b % i% 
Take 

Ron. '> iH JO . 



Fraction* 
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litre 3 farLhiuga bHbg greater than i farthing, I borrow I penny or 4 
forth m^v which «tfhled to f in the upper line make » fart hi rigs, then, 3 
bom ■> leave 2 fortjrihgs'or * a penny to set down. Ne.xt, ,1 that wasbar- 
rowedatftf 2 make 3, . ’winch taken from 13 (because l borrow ^ or Y2 
p< nce f and add -It Ubthe l In the upper line) ami io remains*. » Carrying 
1 that was borrowed to tlie 3 -shillings and the mm is 4,, which subtracted- 
from <22 (because Fbofrow 20) leaves 18. .Lastly, l earned jto 1, and the 
sum taken J?oin 5 gives 3 the last remainder. 


it- rf. 

4. Frohi ~1 .0 0 
Take /zkJLl'k 
• Rem- 1 () 6j 


ff&dSm d. 

From ,VB 1 ’^O Of 
. "lake 0 0 0*. 
Xttfu -o io n| 


£. Wtiat is the difference of <£* and £$.? 

-Kx 20 = y = 2fj. = £t- , 

,1ft. 


1/ J l • 


, if, ' ' ' *' 

. «Jr * t - s ”, 

7 . What is the differ* nee of \ o r a gu!i»ea and ^ f of a pound? 

,, ’ >'ff '£*'%> V /> **;** V 

J of a guinea 5= | X zs: A £ ££ 4^ sMi${{g & *£,’ '' 

. ‘ ■ ., ’* . 7 \ ■ ' "V 

jg * ,, t , r * > * 1 

' Yii = '/o- ^ Therefore the dif- 

foence i# not lung-. . 

J 

It.\i-.iied the difference bet weciarQ 3&2 and 3*J1S? 

,'j/f ' i N . 



Jr 

, , 

i , - 

flii)’ #*1 ai^ * i ' iSt » ' 

20 ■ ,, f. . J. 

' 5218 
5h'1 

1 ’ 1 

* 

sw i o nr jr ? « 

’ y' * ,* 

r 0 178 

AjjsY 

, * - 

,/,rf /- fa* ' 



fa. 

Fioni J7 1 *4-1 , 

, 10. From 

o 0 

4*75 

hike 15 2. if *. 

1 Take 

C, 1 

Jh$* 

^jy* “i r •* 

; / &J' 

> 1 

1(H) 1 



■ z 








.* " ;?3 . Eapm 1 If' equate feet take ]00f squaie inches. 

^ X f4.t 4» = -Of square indies. 

t^V' • ■ F . : in . . " - 

,.*• ' . * "n so* 

■ ' . • . . ' • (MOO* 

' , /)yf. W 4ns. ' 

- - 6r thus,. : - -v ' 

* r ~~ 

' feet " j- ■ ' %> • . 

■. ' . , ; . , 

" . ' :■ /. 'aftfifr #*- 

Jju r«nr *I ,e ffWja6/ ' i* 1 square icet. 


/%; 


-|2.'. Wliatis the diiTerence between ‘SS of a solid yard :i d iCCG solid 
**foet? 


i V 4 rvi S i * f * 

* .1(1 *J ' , S 

* * ■V' 1 


' v 

' «S X 57 =: ii) <>(> 

z- kwhs 

JZ 

•v “ 


fidiDiyigion are compciitli- 
^nbtrskction. 


COMPOUN^MUtTIPiiibAtlON and 'DIVISION. 

r - W* "»'*** W 

81 . C GIMP OtrNTD ,M& 1 ti pli 5 ^ 
ous metbtoJ^ pjKCompqvunl -se-, ■ 

. i , 4 < l% Wh0i ihe muiitpUe^H£^^ffote mmler. 

*' - 'I ‘ 

. 82 i 'Multiply, ,the n^crrO^ft'fJfe lowest denomination^- 

: ( AnS ftM^-hy the rhledif than’ integers of the next ‘ 

■‘ xupef^r denomination, are cdiatilrted in the product, and set • 
down the remainder ifany. ’ Carry the -integers thus found. tct-V 
-|fte product of^the next higher dcnomihation,. withtphich pro-^t 
as befercfiSU the whole, is' multiplied . - V f- ‘^-X "■ 



yytf 

* JS* >' . V£W- 


f^or.\ r ;v' : ' J -V. ' 

" ^ vM 


V vy# ^ 

&&&•' /sit Siiiidfc^U 'L3Sl: si'-'i. i-i.i,^ii" , j }.J'1~L. : '„ »i . 


>• which stwWsJq'^t^ifortirai^ 
(;*«?)*/' / i&a.^t'wspr, , and ‘ vki‘‘ 

■jiWrt, tS^a^iedVH^nTt^pvMef^enoWiaSQa^ .Reduce the 


j l ' r so ou, till the 


Whole i# flui%he$.*p- v '•* «;»£«?• i '.: /, • .* A ., - 

v * '* .v : *v j/a ,.-x j #„#w¥v * * . 1 -£« * ' * J f-; - v* 

Pv-V ■. < ■' ?••; J:" 1 A } --'v-* 1 '''^*. 1 . ■, ,%?.! ■' ‘ A < *-" V'V- 

V .*■ - ' ‘ ■* V' '* \vv V 'V- V, « 4 t.y jL ■- **'.•• , ' + ' ' ■“■ 

V^,j'/V '* , V^ ; ^-A.^ V * 'V ^ , , -i 


, ■ ■ fc , '* WV \. .-. . ., ' 

Ji What co'if 7 of ‘Wilts' Iff per qtwW} ,.' 

■ '■ \.<‘ \ , ’* '•- > * ’ .' “ 
' ■ -itf >. rf. - ‘ ■: 

, ' 1 .9 ,0 

• ■■>“■■■, /'■- 1 yV/ !■','■ /* ■% 

1 .' ;V>, s iq • dnt, *, 

« ■ . * ‘ , . • ■ ‘ •> . 

’, ' 4 . A’* ' ,• ■ 

5 , .Atari's Jjcr b n ri*l> v.haj/is &$%**** 



' . - 1 -'Vv 


i*r v _■ 


fctr 


• 1 ' 


' /’ . ‘ ^."''^TfjSgp " c'.. \i. - ^ , v^* , 

/‘ t vro, o|j^wfe^^g?e 

figure a, the it».ty(X suceeastyelyhy 

■, * , ^ . ■> u "* -“r-J V 4-^ ^ ,, ( , .‘-* , ! '-''^»^' 1> ‘'‘ 1 ' c. ^ ' * 




/’'A frv What Wstbe paid for/J05 hundred iHf buH^9/3^*\71d^pW‘ 

A . , * v - ,*v v '. ■ ' \Cs*y 1 * , , ' ' •< « 

hundred weight * _ , < >;*.£ ' - ' . , ' * 

v I *'vv , \ , ; «. ^ : 4 * *• v * f- 

, - v ^ f ,\ '5 ^4 v^, n,v 

' ’ f «•* * "* ’“' Rvr* ■*• 

1 1 

,, - ’ $ a, 

^VSS?:*' '■ • * ■ * 

^ .‘ Jus. ' * . ; ^ * 

1‘ jv. j>L^_ l 1 .1 1 f . ' - 1 li- —Llii II 1^. 


v ttm>rch can be . a^j^rtfdpceflj and multiply by itVfaftoj’s- aj, 
Ij^fore. , , . Then /aM&i^^lltttmisii thb result 'as ; ,niany.'. 
fetnWs number is lcsboi tfeea^r'^Ii'att ' 


J: ,»,-o>A >, pjjf/ isSS” * re Jh' 1 tTK* ,*V 

^ r ‘ ‘ *' A ‘ £v# 5? 




W-i'TSSJ 'I 
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l *. 7 


.SO 

2 

^ 9 1 

4 

\ s«r 

-* 

JU a 

o 

0 

1 u 7 

Product * 


Jfi 


‘ 

i>6* XixcLmp&{ m DujinOi^ hj whpt$ r ^mfibers % 

* f £ ^ d * , 

1« Whea oals ^ at 17 *) por qtmrttr* ^httl is that per fow$M^ 


£ * <f q$ m 

s ) r it o o 

o’ *4 ^ 

£ £ 

■> If the lotarest cf joo foi i j\*t* k 3 s , ^hat ^ ^tt^|gi6re#fc q? 

* u*t tune > 

£ r £ i (U 
■j? j 7 l» 

£ * ft. 

* 4. TT^ * 4 

r^r > * ' t * * •» 

^ » 

* * fi 

ft** Win ii th? divisor k tjh? putWt of i*o or tnoro simply 

'tcimbus tli*it\ bj tlu m j • (*?Q) 






1*J < 
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? If a cl aUIiOn of A tf- i Hitt pi 

- ; ‘ V: 

« 3# 1 $ * * 

* isjaai 

i i2x a ' . 

4fr-* 

* 

uir^v the* 1 wturtrt ftn* $>ei ik* 


4 k 



r; ■ , , r 

5. Wiiat is lire 24//: part of iV 2 l J’>¥ ' ^ > 


?/. y> K 

4 } 19 2 * , 

6 ) '07 r -- _* ' ", 

0 _ / k .‘ ' 4 » V S vT Jfc. , ' v> / 


SS: -If the divisor cannot be jvs'olvi-d Juto iu^ljactop, divide 

Sy tht* whole at once after the mamur - , * \ 

9 * > « “ 

r ,«£/ A 

& if the vb ,1c* pay.ftf iTSmeiffor Cl tl^s he £25 wh^ti&the 
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Fttr tjte pjodticr of tin mi.neri.tM and rminplic; r.d divided bv 
the dcri'ini»nj>s<ir will gat* the. an ever in - L'o'.Tjhvaun* . And 
the product o) Liic dcih'H.tizitftar&m 1 eiuniuid in'ide.; the an- 
itif^tor is \\vj qu„t:Cift lit t!*vbi^a ? 
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* ’ flrp^jWficrt t!r' multiplier is a inlxi-isaijiSer^ 'the nmlfipiu'd- 
. tiotV4i}a\r life imde hv the pans separably and the prodilqts &cfefetJ 
together for ifn» 'i.,- , \er. If Mie Oiviw is a mixf ryunbtf^ijQ- 
rjdttce H to an impjmjur fraction. And when dec i mils are pa 
;^ifeitiu!tiplier'or <hv*sor, reduce the nnsjkrpbcand or dividend 
Io,ve&t dcuoin iiiation, and find the answci |>y the rules of 
‘XK<4U*u- on. < U A/ 

■Pm 


OF ALIQUOT PARTS. 


*’ .01* AfJ a li<jvot pd)t of a number i?» any other nntnber which 
V/sIl divide it without leading a > attainder. Thu* if the aliquot 
parts are confined to* integers*, ?»< and 3* will be all the aliquot 
; parts of 6; 1 being the % 2 die ;,am! j (Ik : i/(h 1'u>uhh^ 
.and mixt liftriibcjtt'hQwcvcr, arr din-iut part% a-f -, or tl/. "'A 
s of 1 iaan aliquot, p$vt of I ; 0 ; or * of JO, v\ Jiquut pair oi 
ID; 4?* or-} of l3’% an ahquoi pair of 13% <\c. A ho 3y. -if A 
and^y. <r7* are aliquot p.uhofa pound, *he former hem if -% and 
thf Lutci 4 inches is an rhqnot past of a h ot and also of a 
being t of the former, and ; o + ’ the . &C. 

'The priiTeq>al*nsc ofiq&uquol jmbi :* in 'hi ,ri »»' ;hi. cnvrcstion* 
10 --o ( fiprw!.]u *nn‘ld]d?( 4 :nion, qj when s«vcr.i] number; uf abler- 
1 f . -it rlcnoiv. are to h£ . igrmltiphcd together. The method 
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Or Off . may be divided iiito two aliquot parts of a pound, vi, . Qs. fid. or 
J* and lr. 3d. or £ <*/ t And tlur 'lore it is evident that i oflitf, &i*d Jffflj 
that » when added together will be the Answer in pounds* it,' ' 
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s AAlTaMEPlC* 


tion; aftd that of Iqr. $ 0 lb. by the aliquot parts of a Immired wight* 
Thus 1 qr, is J of a hundred, aiul it', price \ of > !5f. Grf- — !«//>. i ,? 7 <>i J 
hundred, theivfoie it. price i> J of .t'j hV, «jrf. and the price dl Mb. 
(making, up the Mb } i*> J ot that 54 

&■*_ ' • g w t *rit ydn f. ! //» 

*/ s ’5. If I pay. 4 10J per yard, what will be the expense of *J 0 ? 


} 1 feet = V a p.i 
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) i r.iC 


A ip, *, ft.* 


, fool = l ofayaul ... i y . } ' ;x * :rMC ol ' J 4 ,L “ ** 
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f../7, r.? ' a f^ot . 
1 J -in. \ o: • tv. , 

- 6 in. =r- { a loot . 
4 ?«. xz ^ a foot , 
1 . 


A rv. 
i-> 7 f 

^ 10 
' > i 0 

II 0 2T 
O <' “~ 


•>t 


Am. 37 y 




— £ci >; 


</' 1 • f/i T ) 4 

o*’ / > 


7i:;-r|xioir. 



fftCPGATZi? 7$ 

, • 

. lx l h square mimsiir**, ari^ ‘ber^MS*- 379 are squire fret, and 
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, „* ■ - fciilbe square yard , r, 
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5 or Mi'Jttj.J. 
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. r' ; 4 ,‘ ( L^.'.ovdmali for obtain.*^ the uoaxvUils of the v*:. 
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ui :;;i RULES or PROPORTION. 

I, ()/' X>'*fU Piop"::on* 


92. T i t fcuiiibi-fs 'in i'.scb that thnfi’ 't >S by the second 
is equal io the Uura diviJ.J by the fourth,, or the stco^td divided '", 

i. .' : 


VOt! x. 



ARITHMETIC 


n 

by the first equal to the ^nt-tTn divided by ihc thrd^ fb^y ars 
said to be directly propoi'innL 

Let the numbers be C 2 5 y 10 : Then -4 — : and -J 



The fraction -J denotes the rcfzo, or rather the exponevi of 
the ratio of £ to 4, or of 5 to 10, because rr £ : And the 
ratio of 4 to 2, cf 10 to 5 * 

The numbers or terras of the proportion are usually set down 
thus £ : 4 :: 5 : 10* and read thus, as 2 is to 4, so is o io 10$ 
which signifies that 2 hen s :he same proportion to 4, as 5 does 
to 10:' This is evident, mnee - is trie half iL 4j and s i* th<* 
half of 10; or 2 is contained in 4 the same number of 
as o is contained in 10. 


Hence if two fractions Arc equal, tlicir terms uv proper.: r si " 

%/ 

For J ~ Vo ; mid j . *1 .. 0 10 lo. 
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. w equal numbers it ulnp'Kd bv wpud 

>i ( rociucts. if the * s'i'.ai Iractioi s \ *~ 

'my other nuru J Ki j llu nn • * » id b * 
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j, or ( when lae fraulioa 
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r'i> T )i! i v -, in »■ : 

fir* n i *'Ki ( )lt« 0 

; j. am*-! ' 


i * * i‘ * 1 * y “ )(>; *b' refi>rc the *r f ! n 

hi ~ '* n * j iiths o * . \‘j prup&rtion, 2 - 4 - , d- 

vi ' i ' i li ]} thi //><' >' j m, *, *?Tt (he Jmoi.it it . ,7. i '» i : r 
cpKiidy the pi the tuo middle terru 4 /-> . tc 

5 X 1 C'i s ; • t </ ihe Other jtwo. 


94. IJ<r»e ibe rub *f proportion 4^ railed irie J!n:r of 
Tjik. r , *. an s-. from i f U'e gire?r //«.,»/. a jtth)/ 1 mnv !>? 
found, wh * . . ball bne hr* same jnunori un *... one of if Un j 
there n*. \ -v t*:n the .:lbcr two. 

For exam. *• - b a Ivt-ily -yf u^oj/g hi 1 bon mirch 4 miles; how fur 
would hun:!- in ‘ 4iu«i.» ut toyo.ua - 1 ik ; 



or rnorORTiow, 






* * ' , 

* ?L v i il j i'.L J cnt that the tv\o v;I! U- 1 ji the same c^?srci ;,?<>• - 

r *^i' .).■ ,i i'*c ti.ni s S? ami jj 1*1 that 5 wul m.i iLr jistojportkin to 
y. iv (il'U'l 1C Vi \,/i l i<*l t)iy IWj iu I lit* luitancfr 4» 

TIivh fore hr%!»y y f Jjwr * c i!ncc cUrn (cr • » rr numbers ; n (hfc otdtt ,, 

1 , 

Way ir> pro t j^u., viu?L; y T U 2d. u/.d V '-^c. .i\ aid divide the 

f*. i ly tlu ji r d 3 tixt >i<£(,r. # ( 1 


A. A, *>2. 
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Oi L-'ca ’ 5 X i t: t x tk' jroporfoq ijmv stand tfi-> 
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r-» ! 0 . a? Ik fVi 


Tin* terms ? ami 4 are called ihe terms of suppo^umn, - 
.$ »,* 5 tn»»i ;t ‘t*tr und: there !#.-c in unting down me ihi'.e 
?r i . t r ■ i <•' , jHoi^.uki’u or stating ihe ci'Uiiij* n. always 

in,) k v uji iivt'Tri; i iiu fi-t ii‘i ii, h , » of 1 1 \t Lame kind as 
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v ‘.i.c* r! " j-’ir'i-, , :o, s i - 1 crao*io»,.*, : i9 .m' y>ro^ 

*■ ■.! . U’ ' r ic’-KiM i.) ’is iowc^t terms wt ha*.*. _ ~ 

fr , •<>*, x . ' ,> U> ; or 1 ; ' 0 * *£*, 1 7 < >,( ■ .i* n 

.* i -n f c t m- |jm]'uruiuM]» t! - -’h 'Vtt.v ' * * .»• n*, 

' s* « . 1 J i! ird tersus arc clr' , * ? eJ o, .•» «’ *j. 1 v '* uy 

»» * I ri i ‘m v/i! 1 .-.*,{1 ■ 


'i i ^ T . 1 :: a : 10. Ami 


jo. 


1 ' ! ;» ? < J 'iph i s oi $uh~mit(tif>h'b vf r number:), ar^ 

lit „ »:• i-trj; i ». j < j s as the \\nM^y. 1 -^, 

i . J ' tire i Ik iy n turns in v '''mg > om<rUous ina^ somc-» 
: '!!■ n ' • k*.' ! »t J, ip ^-he folio WHi * -.j 

r i i-'i-iM. * i '-i •• nf . * ot'bread lor umuiiEii, i.o% nsJi*' T ia , .,wR!fr 

v» jjj . ,t»i r" ( 1 * iP'ju • fc *ync? 

/»*. r v'j. > 

w'JQ 5 I^ 1, ‘J :: i*70 ; 3**100 thr • 



arithmetic, 


- 


K ■ 


pr/uvMing the two first te; 


‘ms by jOO, 


As 1 :.30:f H70; 30 X I In) r, >100 : where the product of the — atC 
'y’&d 3d, terms is the \t!u k*rin or tinker. 

OV Hence, if to several numbers we respectively add other 
>J ’ mittibers in the same proportion, the sinus will aKo be m that 
same proportion. For the latter numbers may he coiu-idettd as 
like multiples or sub-multiple ■; of .he former. 


Thu:, if to 3, t, 6 , mp .vl.i It, C (havirjj 1 1st* same proportion) re- 
spective!}] the »i,nrs will Lt* 4, 5*. w.wli a re in the -aim; piopfiriion-^s 

3, 4, (J. A ml tJielike >s u ? so evirl* nt w.ih .e-pm to ti w di ff <.t uiccr* 
h '\ ' 

&B. Hence also, it appears that fractions having a common 
denominator are in the same proportion as tfanr numerator*. 


Un!' fr n tfons TZ* TJ > ? > ,f * iij the taw* pro,? Fionas ft, \ 
* But ilu fraef.ojis when redm * r tin r k»..iV u im-, .c r . J. J, con 
.^Ucntiy tisc> . uacfionri a>c m iL - i, piopunm.j .■ ■ * y , v 


pp ?*'4 I'un.bcrs arc di'ecMy pn'j'ortioijjl , l her., 33 ;ht nrv 
of ih I ' ’> ..-n! zd i" to tin. C 'c»i 1 *r, ) to the &um t : 1 ii * 
and \ ‘h . . iJk i tk, <.i 3d.) 


^ »' , V : '1 : . t \ 10, 

7. ' ' 4- * : i :* j l r : :■ 10 

'’'..I J - r : . •; } + 10 s 5 .. 

Tnr * -- ,’t i r;{ ** numbers added to efjnai r.irp.'O '*■ 

£,*'■ ■ i . i' u , ir. - !i ii> for 1) be added tc -i" 1 ‘ ' L \ , •: ' J 

!(■ i (i ‘ h< j susut iu M t *_ oe,u;if 

' ^ » f» 

* -I ; |*\ n. y-MS= — — ; th-3C ha, U - 

Cqv.J, ti. i 1 i. < .j *. w ■! h».‘ p. p-iu i.:J/ T 

t’ -pi i . d :0 : id 

Id \'\v m • - 1 1 \ :ui<!i i? ] *U'J J U * l»u! ’ " r we hiv e 

7 l" * . » !- i ' 1 : (X 1 1 n wo ibi* . p:.:] natlin.it *. J, 

/iiMT'iil •*! . hi ^ Ji.v.i), it m«i> be pro\c i that t» deferences '*rt pro* 

pditiOiiaj)- 



OF PkoPORTJOM, 
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' ' " i'H ‘d ion «f?i i! Li> *f, 'i*» (7, \w 
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1’!u^ cm J +- 1 : * h) - s : 0 ; or '> +~ 1 : S - :> + 10 : 20*1..^ 

lienee, a» u -4- 4 *-i- ; l * '* h* id - 4 - 1 • : .*) • ' ' *■ V 

oi a J r i 4* t : -» ■+“ io -[ - 

* . it). 


1WK Hence U derived the method of dividing a number Into 
a proposed number of parts having given proportions. Let 35 
icr 5 }- JO Y 20, be divided mlo 3 pans which thall be as Q, 4* r 
-ai !<l P . 'i hen, >s 

i! F 4 f 8 : 35 :: 2 : 5 

* + 4 + 8 ; 33 :: <l : it) , . 5 , io, and so, ■' 

2 + * 4- 8 : 3 3 :: s : GO 

A „ < i) . v i! r 1 r^qj-vil toi|i..J<. ICO i\fo 3 parts having the' 


r J v 


*»»' * to . . »v.nv'n deuoiiV licit cr arc- 6 ,, - 

’ ' 111 > rM ‘ ^ai;s» wave the *ain»j p:oj>oitio;u 's 

c , I 'Ll! ) : 


6 + 4 + 3 s 13, 

* ^ • 

1 : 30 10 V. tfie 3 ivr:s re^wTCvi 

i * * 4 

3 ; CJ T l , j 


*• ' ‘ ■ 1 -i VilO-'Jje ijiviikd mto? parts having the same 
<. ■ « .» ..ii i > .: li '(Vi j 
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, 0 - # ^ the tifo required pa its. 



ARITHMETIC.* 


" ,1X. Of 1, 'verse cr Reciprocal Proportion* 

*;T ,.101^ Wki:n 1 number* (2 : 4 5 : 3 0) art? in direct pro- 

q portion, (dsabovni r'u: product o. the two noodle terms [4/5J 
ifc equal to that of theouur two (2 X 10; . J>ut if the, propor- 
tion is inverse or rcvi;>:o\d, ihe product of the two first terms 
will be equal to the product of tiu two last; or the ratio of the 
first term to the third is equal to th it of the fourth to t)u- 
gcccnc* 


For example : If 4 men can do a pk-cc of work m C days, m 
: „ what time would s men tjo the same ? 


Taking the proportion direct, the answer come ; out 1 2 tlaes $ 
bui the uue time is tVultnils no mote than > d *y ^ because g 
jn£n nil! require but half th*. n.i-t wlirh i i*‘qMi!i * 


1/2. 


‘L 


, 6 :: S : 


lie*. -• 


c: v 
c: n., 


* t tum ! dmd* 1 V 

> ;viu his 


.1* 


> ; »■'<* 
. *1 * 


p.'odtK T 

‘ * li Jni'i 


/7" ; 11 7 Vr dv‘.h; i*. nr o" :,q-p 'n'.n #. .*h(- ;*i.J .1 , 

tV p -A.'* iq *Iie # »um of demand fo Me lo*. *■*..: **_■ : ' 

an wr, 

Q 

1 1 . >\ i oppose 40 men n . . ‘r./, 

V'* ' o ^ rl s* allowed 1 riwh rank the; > *" - - ' * *' 

h..: 1 ih f * sM.ie : 0 aiiactd 4 m a rack, th • ! r ’ : ,j ’.t 1 * 

fallowin'* ' j ' 'in t) <ach ru-l* a&bcfoif * i ,u 

d ,'i tiuM w..' . iv - ijsefyo' 'l'w; v <L ■!.*. *{.- 

Lvr of m*.o in *ront. 


*ff ' l/fljg. r\ 2 /f/i. . 

* = b :: i MO. K e 


^ S » n 

- . ““ i'», .And 
i 


die *a*,i > i ,s .» tr- I is equal to th. 1 of t ‘> o ; or J •*: \ 
The ter$u& V supp«\jti'»n oebu, *» -.nu $, u)'J :Jnt S, demand Jk 



. or ^RapcRTiofT, > ■ . 74 M* 

nv ? 4 To db-cowr whim a prop*/ t Ion shouM be wrought in**v 
tersely, consider if wore* requires Jew, or taw r$)fi[iure$ ?nore 9 
or il one number incra/sc? in tin: same proportion a$ aittrther i 
d;tfii.ih(irs, fjr in either ea&e the inverse rule must be U 6 ed^|^| 

103 . AT. B. When the two ti m* of a proportion which aife/ 
rf the tain? kind, art givoi in club rent depomi nations, reduce 
them to the same denomination. Thus it one is pounds, &c. 
and the other pence, £cc. reduce them both to pounds, or to 
pence- If one is feet and inches, and the other inches, reduce 
i hem both to feet or to inches, &c* And the fourth term or 
answer will always be in that denomination to which *hc gh/en 
term of Lin: same kind is reduced* , . ^ 

Questions in Compound Proportion or the Double Put of 
Three, may ah’ a* s Lc answered by two or more single 


J , * o 7nu» <\ 


t u r t *. ■ 

•oy.o'uoiiai and s'* 


)•' . i i, 

• * * O - i < 




A' 


■<#m \ o\ rcvcui:; ; theses u> ii^u 

- i i * 

o l y • "i 

r > j :: 3 C* i • \ ^ £ the Ans* 

a 1 1 ■ h 

a kf ft. proportional to 1 1 k 5, m Qj6Q and 3G«V 

*y 

* 07 t“ A 1 000 * x' ,//*„ 

t M> . f 

} »*.■ *IH)j i t 0 f&69 & c 

G" 0 
t 9 m 

t. * i» »• 

Tbj ,>• 

,j * ? 

~MX? 





AR IT HMBTtC- 7 '”’ 


Let a 4rt- proportional to the three fractions fh tL and 

repaired. 

ii :: fr : \\ X {-’ X j' r = Y7 X j v > = JS the Wm 

.,- N. B. It will be advisable in most eases to set down The -I th. term in 
0* ' the form of ^vulgar si action, and then reduce i\ to its lowest tarns, as ju 
the last example . 

4. What are coals per chaldron when three bushels cost 4 
shillings ? 


36 bush - = 1 chaldron. Therefore we have to find a Ilk. propoi lloual 
1 7 to 3, i, and 36 i 

bush, skill \ bush, 

As 3 : 4 :: 36 : — — 4? jAiW. Die 


5. The quick time, or step in row'l.'ng l>c »n»r 2 pacer per 
second or 120 pn* minute .i 4 2J h*‘» c ch ; ,u wli,d rite h r :f 
hour does a Loop march - and wh;U Line uki-n up in 
Iiig o miles •* 

170 X CV- XGi“ 15000 fL-.i /■„ ' .0\»: rv ; n. le*. 


?*j. . ?ni t . ?ri/ 4 , . , 

. ,a :■ o . 

7^ , 


-iV'iX' 1 '' 7N * ' *" 

i - l 1,0 / i l > 

5 ' 


, S » J :iiv*r 

, t i • / 


$ * * •/. 

5. What will the tfji'fc' on 14 J5 bfc ai s h u »Ja pound * 

.f c rf. > 

As : . 1 b 1. : 

tf, //, ^ r. 

Or a: 2 tO : 2o r: 5H \ > 

Oi (pO) dnidmg the two f.rbl ttritia bV -0, we ;* 

Jr *. 


*£ S. r , 


M4 It 


/’ s. d. 


i? 3 1 ;; ' a i. . ' - -- sv w J ? ;i 




r- d. 


:•< i>cr. 


ac* r, p. 

3 20 as 22540 poles. 


'if A 

7 10 8 = 3GS pence. 


P « 

22J40 : 


d. 

3GS X 2?51() 


rf. 

51842 


£ s. . d 

= 216*0 2 the ar 


8. A sets out From Oxford to London at the same time that** 
B leaves London for Oxford, the Former travels 5, and the latter^; 
ti miles ari hour; now supposing Oxford to be 58 miles from * 
London, how far from the latter place will they meet if they : 
travel the same r o.»d? 

& 

s m 

li i!n whole di i i.ec bo <1. vi doii into two pas is haul)* the proportion if 
of 5 to 6, ii ;s evident tlio^o part* will bo the respective disUQJCS 
- 1 a veiled 


in, 

frJO) As . J- G 5i • - *3 1 y T libelled by S;. 

5 4- i» ;>s 5 , Jiy 7 t. celled by A. 


Ik A dcUchincnt pets out at 6 in the morning, marching at 
:hr ■». to of* 14- miles an hour;' $ hours after, another detach- , 
nuir from the same place follows B th< m, but their march is 2~ 
mile^ an hour. In what time will the latter overtake the former ; 
and whai Jistar.cc will they have inarched ? 

ru ' \ 

l \ y i ) 4 :J] * i.ht detachment is a-head when the othfr begins ibj 

snare! . 

tit. m , m, 

Tl v' .i.'VrriKV of 2[ and IJis’, what (lie latter gams ' n the funner 
pti hour 

9)7 

But it In\ ■ • _ i :>4 us the uhrife. * 


m, h, 7ft, 

Therefou*, .t> | i * 

or, ; . 1 *' V 

VO L» I. ’ \ V 




/Atttau! 

z* \ * 


1 

v- 




<«■ 

irtr, Mi 1 21 f * ’ =7 the #w/e rcjmred. 

?»& Ji % fid 17f mih# the d\$to*k& required , 


£ The Item* and minute hands of it watch are together at 12 
? 0 *etock at what time are they next together ? 

The minute hand motes 1 circumference on the dial plate m 1 hour; 
but the hour hand moves onlv TT 
the difference is which the minute hand gams per hour 


Hut at setting oft at o'clock we may consider the hour hand .i» bung 1 
^cHtumferenee before the minute hand; 

+ ^Therefore the minute hand has to gain 1 circumference 

As^ IA. 1 4JA. = 


^ 11* There is an Island miles in circumference* and three 

^travellers all start together to travel the same way about it , A 
gpes 3 miles per hour, B 5, and C 7 ; when will they ill be 
together again ? 

4 

13 g ins 2 nulc'i an he ir upon A ; 

nu *i vi h 

Hieicftrc as 2 • 1 ±9 * 14* the tune from stutn { wl ai I3o\tj 

takes \. 

C g urs 4 mites ah hour upon A , 
pu h. m 

Hence A I 2J t 7*J the time when C OrertiK(> A 

Ai 1 *u r-* C wiUovcrtakj&A a£f’ ^.end of*ur> 7* nours, thc> vs II b< 
togeil ci l tlic end or tv 7 1 lion *, ot 14£ houi 

iiif-( fo c -ill three will be togeth r again at the < d of it 1 I > irs hum 
the time oi carting 

12. Suppose aido k ha-> 4 hands, A, Th C, D; and that A 
goe*> round once in 5(1* 20 h. ii ni 7 d l Vi C m lod. QQh* and 
D in 18<Z 25b. Now if the haijjjs are all toother at any par- 
ticular time, how lorg will U be bthut they come m conjunc- 
tion 7^ in ? ' r 

i ° 




Wf- 

’> W, 23 .455 ) 

; -i ’/ . 

Jfyw it J of , any 'numb# Of ^ 

common -&SC> f aid 455 '(Ale times 

the hands mgiji« . but,4he common ; 

X T'-X 4 or 1320 (MO hoUra*' ., 

A 'will hcy^'rtiDyi^ia' '- 



A 'will r - .. ii> • 

£ times tound 1 , . ' *' '* 

V *«•*... 7 V'M /, - v *' « V- . 

. M . f>r4v i J , •*, , -J*. , > " * lT 'j£.3jC’ 

- y - - -— I " UH ' S * 


pppsequently at the'end of eve' 
rawe place* 

Therefore since the Iiands conv 



foi mi rig entuc revolutions • Tim >, if we divide W, IQ, 1 ?, atid'^by^l 
A }, 3 }, 2}, 1} i evolutions for the elapsed time, or s» 606} ^ " 

time required. ' , * 

Or /Am, 

A moves C and'D^} r of the circumference in 1 hour, 

aspect! vclv. ‘ 

1 

Now if \ye proceed according to M&tfpfi. 7, 
we have 
1 hour? 

Therefore T ^-- nrcumf* s ik y. I cirtutrtf, rjgrtg^ tfefe time in which A 
J$ ovci taking D. , ^ 

fr*' 

**1 hour : 


■ r’ v,, *'o *•* »• 

iicr — 3tfr ^ of th^ ^umfer^ce, which A gains D in 

1 ,o » *7.' < A,-.' . ' , , ,+ 



And i ;-r — ,} T = cirtumf. y^ _ ^ . . , 

As - r/i. • I : 303 JA. the fcftne in Miicti B is overtaking D, k 

Atso ^ 0 . — tIt— t^Vs which Cg^sjyon Dm'thour; 
’ j/i. ■ J : 60 fl|///the time in wkfigh Cis overiakihg D. 


_*/ 






? s 

mid 


file ot 202*, 303 J, and 


' Now it i« o\ ident that {he t _ _ t}i Jjr _ 

606} will be the time when A,. will overtake D together * 

hut 606} is the least common jfrul^ple ; for twice 103} is GOn}, and tb?""* 
times 202p is 60 J} j therefore tf06j hours is the time* us before, 

‘ ‘ , Ih 

M2 


>>; 13^ What l^dgt^ jruist be cut off a rcctaugulat board tr»at n* 

;/;7$'in^ftea broad, to make a foot or 144 square inched ? 

v/ ? *V * \ » < 

. -* li^^oJthpr tvbnls What number is that whifch multiplied by 

<% 7f 'sjralfihate J2 times 12, or 144? 

*>’ Hero the ^portion will be inverse } " ‘ " 

'- 1 broad long' broad : 

As 12 : 12 « 7-£ : = WJ inches, 

) 4 . A garrison of 48S men have provisions for 39 weeks, bow. , 

f Jong will those provisions las't if . the garrison he increased to 

'■$32tmn ?'■ . 

' ^ k x ‘*v + '" ' U-V/ft' 

Jtls^ violent that the provisions wllUa-t a less nine, therefore the pio« 

.] portion imist he* wrought inversely - 

< j 1 

7 \/' r VI. TJ. 1ft, JQO *0 ^ 

As 4&*< sJJ * 


> 15. If *1000 men besieged in a town with provisions for *2S 
days, allowing IS ounces a day per man, be .reinforced with 
600 men, and supposing that tluy cannot be relieved till the end 
of 42 days; how many ounces a day mv-t each man have that 
the provisions may last that time. 

1000 'X IS X 28 ounces, the whole quantity of pi o visions. TJ *j CjUan 
tity r. to hot 1600 men 42 djvs. 

1000 v ig v 

Divide by 1600, and i#w lu>VG- — - — 7 -— — ■ --- L ounce* the c’l'intily 

, 1 but) 

which mini l^t ,1 man 42 day ? 7 this divided by 4 2 will dlow- 

aucc per day for 1 -nun . vi?, 

* e 

1000 x is_x 10 xy / ^10 m; _ _^xj _ . 

JCTOX 42 lt> x Vj ^ 1 r U 3 T- - * 

the awwer* 

v c?t/A 9^ *£ J* 

16*. If the carriage of t 3* pf bapgage amounts to 5,16 

for 40 mil 1 * ; what will be ^xpcncc? ol 'hton \)m>L for 94 
nukiat the . ime rate ? J 



p-'^KOPORTXC^^< £ -> - , " 

' V cv** ■ a * it&df&ii -j. 1 ^. ^ . > \ j» ' . *»i’ 

lit- J* i 1 . ' ♦JjTf'sf ' ' y * » ■< 

i ► >Wr'’* - "L. J. f >■ 1 ^ -4 1 1 i r Z ^ .. 


Aw e»A »™-, , ■ 

<? f7=t,S48Vj. . 

net. <frs. 

71 3'=SS7?rt. 


5 16=*lJSsft. 


y»*. iA. tm cat.;'~ *■ 

As.-5s87: 1 16 :; 64g t; 1 - the expcnce of 6 17 fol*40mife9. / 


sh* 

k 

287 

m 


As 40 : 548 * ng V”j . 548 X Hfi H7 * Mg X‘*7 . 


2b7 

^ I. rf. ‘ *- |1 - 

520 iVjV** r= ~6 o <5 T £fv tfc V ,f*w*«^5 


jA. 
tlfi 
287 X 41) 


217 X -> 


- 17- If a company of 1 6a men in six days of 11 bouts each, t 
can dig a trench 230 yards long, 5 \ wide, and 1 Vdeep • iuh<W 
many days of 8 hours' Jong would 'another company congesting 
of ofi men dig a trench 220 yams long, 3i Wi$e, and ? deep ; 
supposing the haulncss of the gtound in the former case is to T 
that in the Litter as 5 to 7, and that 4 men- of the latter com- - 
pany can do as much work as 5 oft the former in the same 
lime ? 


C30 x j! x If -= ISJ7J (by iiicn-surjifoii) the Cubic yards in the fust 
trench. 

. A) x 3J- x 1 = 770 the cubic yards in the other. 

if we suppose thekbnur nr cessan to nUc a like quantity of eaith 
»o !"■ (• :• < tiy p ropoition.il to the baldness of the ground, it ib evident that 
i u v.* i/.'u icquin'd to dig the former trank, wdl bu to that inquired for 
>' i. yds. 

<kcL tb r, us iSU'i r , x 5 to 770 x 7. 


7 . 1 . 771 . ),/: m. 

And, w* 1 ;> . m» 12U, therefore the labour of 120 men Li the first 

'-omptin v. • , x.q* uit to that ot the men. 

Licnc- * qu^ttoq is reduced to the fol lov.vi_r. 

ydr. 

If 160 tu( s u(> Hours (6 x 11) can dig 161*7* x 3; in what time 

’;d' m. x 

wbttUI 120 njM* u<: ,;o x 7 ? v - , *x.\ 

i 7 rio /, m, igh'j.i C*^) v l n 0 

As 1*0 . hWpxJ I 120 - " , the vardsv inch 120 

* 100 

mrn could di£ m (36 hours, * 



: 66 :: 770. * 7 f 




“ 160 . 
23 X 154 x 7 x S 
•” 3,795 


fJi 


-/ °° :: < f ? “ .7 ^x6 x1 5 5 “ 

■ v V * 

hours, which divided by 3 gives 6-yVVr days the 


mux#*. 


' Questions of this kind however, may be gn&wered the folld^hg 
-manner : Set down the several proportions m succession, remembering to 
make the term of supposition which is of, the same kind as the required 
answer, the second term of each proportion ; then if the proportions are 
compounded (14*0) it will be reduced to a single stating. 

<x \ , Thus, tlie required answer being days* 6 days will be the second or 
i twiddle term* ' >»" . ’ 


ll'” 


1 

d. 

‘ *' T 



Ah 160m. • 

6 

* r Ofim? (inverse J. 


' 

\\h. 


v S/f (inverse) 



230 /. 


2201. 

V _ 


o\hr. 


3^r- 

l 


n* 


U 

c* . 


5/iar. 


Than 



5tn. 


4//i. 


ere [ore 


And the divisors arc 9tf, 8, 230, 5%, I J, 5, and j, 1 

d 

As 9C x 8 X 230 X 5| X 1' y 5 X 5 6. HO X 11 X 220 N 3[ X 

6 X 1 60 N 1 1 X 2P0 X 3,^ X 1 ' v 4 , , . . T , 

— ----- - : — diijS, which : educed 


1X7X4 


i>0 X « X 230 X X la \ '» 
to its lowest terms is '////* dui/s, the amwer as before. 

The three last questions and others of the same kind, belong 
to what is usually denominated tlje Double Rule of Three. 


lb, A detachment consisting -of 4 cbtnpanies being scut into 
a garrison, in which the duty requires <50 men a day ; what num- 
ber must each company Turriishdn proportion to its strength ; 
the first consisting of 42 men, the: second of 49 , the third of 50, 
and the fourth of 63 ? . ' : 1 


it i*. evident that 60 must be divided ^into \ numbeis having iheprbjpor* 
li-rfi-oi -IS 56, and 63. . ■ 






( 100 ) 


men men , • i 

As 210,! '60 « .42 : 12 from the lrf. company. ' 
• - 2iQ C-,49 i 14 2d. 

■ 210 60 V36 : "16 ' 3rf. 

210 1 6i) tf'63 1 18 ' 4*/ 


19 . Two troops of house tent a field for which they pay £92 : 
one troop sent 64 horses for 3-S days, and the other sent 56 
horses for 30 days. How much of the rent must each troop 

pay? ■ 

Suppose 1 is the quantity of grass which a horse cats in 1 day t 




Then 64 hotses \ ill eat 64 X *25 (1600) such quantities in 25 days. <>,’ ' 
And 56 horses will eat 56 X 30 (16S0) such quantities in 30 days. 


Now it is esident that the shares of the rent will be in the same direct 
proportion as the quantities consumed, eras 1 COO and 1680. Hence the 
following rule for questions of this kind ; 


Multiply each slock by the time of iU continuance, then divide the 
' 1 ole quantity to be parted into shares in the same proportion as those 

inoJuci*. 

(100) 1601) 

JC80 

‘ 25*0 

£ 

As 3280 : 82 1600 : 40 what one troop mutt pay. 

32S0 : 82 :: 16SQ : 42 what the other must pay. 

The last question, and others of the same kind, belong to the 
rule called Doulle Fellowship . 


$0* To div’cie 108 into three such parts, that £ the first, { 
of the second, and £ of the tfiird m^y be equal each other. 


Assume 3 numbers which shall be in the same proportion as the required ~ 

„ f - V*. 

parts. •, , 


Suppose 



1 


whert j, and i ait equal. 


r ' 



’■ v * ■ * /*. * 

^8 * -v'AaiTHSdSf'lC. :'.* . 

• V ; ‘ '.'V r /v • ■■■' : ■ .»>. 1 

^then{WO) 

•l"' *'*"&,«-*. ' 

' A*+3 + 4 {$) ? JOS :t 2 : 24 J 

i ' -v ^ : 108 :: ,3 : $6 > the three parts required* 

9 : 10$ :> 4 « ,43 J 

’> ' % 

A 91,. A general after detaching A of his army, to occupy i 
certain height, aud T 7 T of the remainder to watch the cni^|r*j3 
motions, had only 7 00 men left* Oflery the whole number of 
troops ? (t 

II we suppose the army to be 1, then fa will be left when fa is de : 
j, tached. 

And fa °/Ti or iW w *W be t thf strength of the 2d. 4etachment- 

_ r And T * r + fa £ ss <£fa will be both del ach inerts; this taken from 1, 
and At of arm y remains which by the questions is equal to 700 : 1 

- Thtrdore Ar : 700 :: 1 : — * — 1 ° = 30c > the number required, 

'Questions which can be answered in a manner similar to 
the two last, arc generally classed under the Rule of Single 
Position. 


22. Sold a horse for 40 guineas, hv which l lost 4 per cent. 
whereas m dealing I ought to have gained 10 per tent. How 
much was it sold lor under its \ aluc ? 


£ 

100 

4 Mibiract 


j, ,r o 

As ’Hi 100 ■ 4o ■ 


G. 

10b xj0 
Vo 


the pH me co'-t 


£ £ 

And, as 100 : 110 * 
price at 1 $ per cent piofit 


C. 

moxjo 

V i 


G. 

noj* UK- x -to 

iou ’>c 


40 sub. 

guineas, the anszt^r. 


A \ guineas hs 



fore kootherM, fe&, 1 jmkL llu< : ra'te 

the foot to 3t' f bytthe hor*e ;' no*?. if Vv o 

to s£ of‘;a ^a’vbfcw raany/ijmpes will the horse tai^e^ 

■ UV* -■;'* " 1 * ' ** ' ■ ? 

f * t%/au i L J ijqvbl . to I,J nnn*s pacts, 5 paces of a* horse 

tO h'jimnV ' -> -•’ , 

There/ore- thjf ’ l o^^f^vry : <-5 fares' gain? { of a f ri»*$ pace: and at 

1 this fu&; the pa riry © f , 1$ vl* <t> ga } n MuO rain's pt&cf;' ^ 

— ■* - ■' - 1 ■'•')''' * : - f - - - f - 4 ? ■ 


<f*\P <. ~ & . Ac Js8f*£v *’ /' r ,jr j; '*’•■<? - 

" %KC0, 'as J : *$/ ;: iocA/': jW«li>jfhe earner. O' , v \-., . „ . 

'■' */''*■ , ' } " \*. I v r % ? ^ 

2 i. A ciwf’ttoPv pw?e’»f ^drR'-ttt # days, 'afld B can tin -uife:- 
liktfio 5 diys ; in w tiat titha w&uMi t bethme if they vwrk .to*’* 

. gcther'Kj-." - ‘ •’ " ..'' ' • 

d. w *</. w,\ . ** * * *„ J -* 

A\> 7 : Ks 5 : ^ wh it A can do in 5 days. 

Therefore both to^clhercan do lj in ^clays' 

w c/ tt\ e/„ , 

■ As ij- : J :: | : .J. 5 , = 2ji-cl>»s, t he an fret „ 

■23. A a:ul R can perform apiece of work in 2 day? ; A and C 

irj :j da vs ; and B fchd C'in 5 days . in what time would each d» 

it by Imiibdf ? "- • 

d. w. th.Mf* *’•. 

As J : i :: V ': -J *\vhit A and C can do in 3 clays. 

As 6 : I :: 4 s \ what C e«n do iu 2 d lys. 

- d. , M*« ' ; , \ 

A ami I> it. 2 ... 1 ^ ^ ’\ 

■^y^A ancI C in 2 >, } * . / v ; V; T 

'^y* A and C la 2 $ \* 

; ’ Sum 2/^ '; \but in doiaa this, each of the thieemml 

work -i itjy’i, tlni-L-iore the tiirtt (og«iher would do half ul u T \. 

•f 3 dav?. ' v’,y 

J ' * fo; wll ?rt C - ■■}*?-,■ 

can do fa 3 days. 

» 


; .. • *; 


r , J - , 

fife — i st ^ "what C V 

1 T V } ss ,i , Stt L / "hstt-B v 


* 


VOL* I 





v * 4 ^ 5 ^ ' «$>■*•■«•* , . * r , 

■■<' '. '■$&?!*.** »„f <^,..£.* :;i>yB. 

yj -f ,, '* tJ : ^ * '*. " ' 

’’V’V ' » ■ '* r i' s V ^ # ' ' * c / ” ' * 

plan .o^a forttfi^%owa at|d itsehyi rdtre in thel^- ■ 
therlamls is is inches long 'and *10 bro3td» ? ' ■/,T|i6''.(f^^ v 3'nnex^|p; ■ 
it is 800 toi'se^-and is 4*7 inches .yi ‘iehgthC .^'l^feliP'-the plan' 



, ,* 'W 1 i 1 T--i<r Hfirt- v> : **««£*. r , “- v y.. * 

3 '! «*r of a 'i^ile/ou^.e y 

' v’ ,,*¥* * - - *" ^ t ’ 

ses. ’ * •* / , v, /•».■ */ >- *' ‘ ^ 

‘Vihd sinte ths; dunetfsioiUwiU ,bcTn the same proportion as the icspcc- 
"ft^icaics^ ■ we have, '» b ■ _ ■ 


:/ As i”lb5'2 
'' spaJe of toises, 


4*7 X 1760 .7 

in 

!*’ J5 : 


As ~Tfuj-2 ,* 


le’/gth. 



. . r-7 y nfib' 

, And rfe'"’ 

Vu I 

2 : - 

brcudth 

-\ ' 

■ 


*L£J2. s- u. si / \<h tkf- 
/# ' 


£7- I* what turn: vrctyM infantry each con- 

sisting of MQ ipeo^witff’ 4 horscs^o; each, 
pass through' a ddff£. lll€ 


pass through' a ddH£. i£ '#S^'s^g,v^^osjn^ 
open column* 111 '. 0 men in f&^-ancRhe rale,/ 5 r , 

feet each) perikwm* h^ing:|hg^^|^3inar time ? 1 

Suppose a bat|^U>o^J^> of Q >a'»hs ; ' then Li* 
nk ; ^rfd '22 Jiftg^oiv •■fotw a* h 


rsnk 
we ham 170 X 1 


l ‘f esl on jp ed e lift* saikeh^tt 9 ri ijytfpen cosua^”^! . • 

' ' . 3H| , * ;*\ ', . 

Jjg> 7^?/, extent of 2 held pieoe^^ili i- horses to each* 

47 t ; /wf, extent of a fielctephices/ ,, 



'Vi«i4Tt 1> X >6 s= Jiet, extent of tM 


n 

‘,**>*1 t* 

to 


' $<n& 

3o c 6 paces s& f| ifiiles. * 

€1 i j paces f t\t£4t of column and defile* ;} 

* s V 

As7j£tf* :? G7t$Jta j 8^^/nm* 

38* Suppose* 18 battalions each consisting of $6o men, with 
iSrtflmntcd officers, and & field pieces (enchWitb x tvv^) 
have to pass two ^oae i#*a4>ad road* mile in length; 

tfoW»«r a gooci s road^ *■£ ekefy defite admitting of 

8 itffcn to march 1ft front; how^#adfty b<tttaIton$ must pass $a<J» 
tkfiJe that the whole ( march throi^h then* m$y be made in the , 
least time, j 'fife * , 


•How 1110 


* 

1 


het in fiont to each tank of toot, + 

1 2 lust to a rank of horse ; 

80 feet h>r-ihe t vtuitof a fidld pnecc with 4 horses; 
2 r feet the pace of a man ; 


And that f SO p'lc^spe? mm\te in a good road* 
lit int^y match £ 50 . / u*/i bad road* 


1 < tlu th it tl 0 \ hole *n irch in iy be Tit de in the It ist timr», it 
* H it to OimJc th^ 18 ball . rns into two column wlnse 

lit I 1 1 < h 'n ct their reus *tuy c,l t Ike it tlie ^ ia time ; 

1 tint J « 111 1 i t oik co'unn through pn* ♦lehh. must Ik niadi m. the 
i 1 jk Ij m is th it of t ic qeikj col mini thiaugn il c other tknh- 11 m w 11 
< ideal l \ U when Iucl length ni^one arturpn a hied to d imh, ts to ihe 
l*Ofc # li ojf Hieothei column adtfed to If intUfy a>o0 to 80, the rate* ot 
rtbuchi ig m the <Llii«.s. t 

n * r ’ 

' ' 3 ) >f > * 

18 1 ranks ** 
o 

a* Tl ~>2 e> tent of 187 ranks* 

160 *or 5f Held pieces. ^ 

u if $ 1 mfcs of yfiMr* ndtng two ana two 
l^o faf, extcftl oft battalion, pace* oi 3 \fttt each* 







~ & 
* , ,v*f'. 

■■* ,‘A i 

,■?* V 

v- ‘ '' 


> vlP»,t <> 1M 

; )$ r '**)&£ fl*' ’ — 1 - 

1 *’ /Jfcev ss 1^11:1 is. ' ’ ' ' 

"Ti^sr, ptrCeSi K xunVui ,L Oth coJtt Vvri' a nd d» iUs* 


50 - I3 °- • ; ' vv ' . y / 

;-(]00) A. j 30 svi^j. a 3 r': ^tfe/r* erj I-engtfa a/.tfsrJl mile cte£i£ 
w ‘i-i,iu column* y . v - •,■!* y*-\- ; \ 


And y „ ' v 

A*i 130 :' 152SS'V *30 : ;>StfO£flra ; {i^fcngtfr of$»C i ni^ccloli^Vith 

its column* . ‘ £? '» * , . ■, , "’!'*• 'jW* , * , ,J -\ r 

* * *; * r- v^s** *" *Np vV - s .'■vjr* ’’ 

'■* , T . -p&p&S 'ZSZ '*.£»»’, ' V - U'^' v y >* 



th(*Ji- m 1c iciic> 


5880 : 1 ; , ; 

''112 paces = 1 BtiIIo. • * - ^ *■ 

?T 7 o 8 “ pjccs; length o\ the column' to p w the 1 mile defile. 

And = 1 (it e nc^estifiteger) foi liuMminberof b.Utahons winch 
im t nuuch thioujji the shortest da. Id. 

<3 9. Suppose the Hattie 18 battalions have to pass two defred 
of equal extent, one ^mitiinsr of 3 , the . other of 4 nun 111 
front; lio*v must the tS battalions be divided that the whole 
to arcli through them niay Jife performed ifc the Ica&t tune, if the 
roads are equally good ? , *■ ■' :• ,K ''frJ\ X * 

y ?. s vy. u.: .. .y^ 

Sin-'e the rate < 
columns mtwt 


\ of intifc Mw£ ;i c; * ,r,4 » the the 

be »qjkh Vnd Mm.brT oi^ 

must be dtv d$d into -¥ti» pans h.iV^^ii^Vn.e projmr i.m ^|t*V ■ 
of a battalion mat c\m && min 6 titeki^thr when & 


in font 


■*- efi , 

v T 




,<C 0 


* ’ ( \ ::'h a 

V 1- , v > . Jr’ \ 

i y* ^* ^ ■'/- ■<■ 

443 p r 2 V^^V ir> frriritf ", y^Pi >< 7 

5 Sh ... p v incft in 'irbnt ‘ ' !/ • 


f- 


A$ b'»0 : IS ::*M3 : 8 nearly* 4, 

&j'J : IS;; 33 S; H 





& 


through i? c other* 'v,f 

30- To dividss'fcO ilUo 3 Such parts that th^ pfodact <it 

part by 5> shall he to the product, of the other part by 

-.A:: ' *r * V*Sf®'‘ 


proportion of 10 f to.3 ? 


‘ *h^'i f 


tte’^ltei by ‘trifle* he m the ^iven.pft^ylrtfon^ there! 01 e 

JWO&V divided infe^twr ^ pa^ha^g the p>ap^$QjM>f if: *114,3, - 

'- $®P™ Q8Pk$tM :i ea^uen% 4 . 

< ttf%ot’n'iv>rt4 w / ' '■' /-!'■' ^' £ ' 

. , ' ‘•'..-f< i -,’Y '• ■■-Y;. "v -■" ’ '• ' v-’-' **Y 

: la oi lman fust ' aby other 0 a p^opos^i ttuh^ 1 

be* of parts such, th^t tMr * ntbi^cn* J«y obtain given. 

' pfb&’rliftns. - * "V : ,’, t, ' s h\ ’ „ ' , 


31. Suppose S battalions have to pass s*defi!6s one r 

other 1 i miles in length ; the former adijniting k 6, and thejattef 
4 nun to march in front; no*v if the length of a battalion *m- 
1 hiding c 2’iicUl pieces be 330 pate^oi 2J- feet each, wlun 6 
men mnich in iront, and 410 when 4 moil march in front ; how 
m >ny ban d» i-s must }\>s each cK tile that the whole match 
thomgh llum ma\ be made m the least time, supposing ihc 
ran <>i ma c hmg in the shortest define is 50, and in the oilier 80 
paces pf . minute ? 3 


It fnihr’.c fr»m :ram$$ tf, that the tefcgfh o r o^e^nlumn added to 1J 
miles nurl be to die of 'the other column added to | mile, in the 

pK»pott.<m of 8'J to 50 , t : :ifc rati n of matching, 

• ' *»* ;r»jfe v Y ^ , 

*v^w v* > * 

' to :• 3C0Ji' : 2310 paces!] -^V/ 

»/K£ V- '* J3si /^«ar scr^jjf^y v / ;. \ 1 # 

v i \ , '■ 35 2fft batta?. 

$ ^Tbefc’fi#$,h the extent of S*/ ff b be. added to tlie t 

abotfepf tiw* siiih wdl be to the longest in the proportion of 50 >, 
4 > ,to-.»y^trial«^ ui marching. t /C«nisequvi.lly 3§-Ji butt.d (life dirii renee 1 
;lOf 7 S atui '-’^y be diyid^d^to 2 web parts that the piodu^t of one ' 



- r 




Vjf*' 

s!#W 


f dF the 

’■ JOT"..-”’ ^v'rHl/'v'-' ..'^W .' 

<r\ ^jRitpe- (l»y the la^Texamplr)" s * » , 

*• ' •< t * * ' ' > * 1 <■ ,l ' » ( i - 

- r + T4tr * ^37i :: $£&* $ (thtf nearest iftfcger) forcwoHfce 

^iUs-requual ; (j 7^, vtucli’ partis- thfe number of battalions that must 
intUTli through the longest deiil£; cojisequeutly 5 have ib-j^ufth through 


the other 

l '.R> 4 - TW x'S! 7 ’ ' 


, ~~^ 1 T' ~^ ‘ ?w«**s 5 JW»- the tww.of. ^rcliin^-.tHrough the O&ftest 

•**> .. ■’ ,;■• 

■ Y ^'. :: "vtv. :^VAJSb; .•>•■•-••. , : 


this aud -the ‘JHmra 
- fronts of the columns enter 





^fe&ahipfcs i]t ^"supposed that the 
at . the same time* 


32* Suppose 40 lb* of gunpowder at li, per li> be mixt with 
ifiylb* at Is* 3d . per Z^Xwhat h 30//'. of the mixture worth ? 


4 Oft .it if is JOv 

<v* n t >*, 


I J .>*. Therefore the value of 100//’. is li !> s\ 

lima*, .u 3 00/A. : -t I 5 a :: I'f/ft. i C3r. the w/jiwt 

33. If the strength or quality v of three sorts of gunpowder 
(or other ipgredicafsJ^lK' denoted by W, 115, and 16; how 
much uf eachmusj bc takm that the proportionate quality of 
the mixture may be* 12 t ** * .*p 

1 ' ,'T , 

Or, putting ,thc.<Jiki$tiofc in thqre iati^^P term?,: jSitppdse 1 0^ 
15, and 16 peace, are the pi r 

each \vLlLu)ak^ ,a jnitvaie worth per pound ;■ 


each wiILmak^ 


and t*w^ lit* at ' 


vim i i i at. I Od. to, 

I'.Au the -iekxD^^^^^^&.'th^eess-^ove ,1.} ^«^®*** 

:!/&. at l than T,ll>. ;^t ( *dg. ■ 

#$ntt VSd vj 1 ! givtj'hrf. muie than * (lh~ at lad. , 

■ 1 . ■ ’ * 



Hcnc£, the q vi a rLi pn>cally a - , fj^, 

mean aiMfextreme prww^’ 1 ; , \' >« '^ / i£> + V5^* / ' ^ 

■ , f ''<? : ; V.V ‘ rd^* - ‘ \A t ^ 

Therefore 31b. at/HM. and 2ih* at \jd. wifi together iJe ^oviii 

v* V- v <>s 

Again, fhc difference of lOrf. and 12^. is 2d. ' ’ ’ 

and that qf U7rf. and d'2<4 is 4 <2. ^ '"V 

Therefore Mbt $t lOtA and 2 lb at 1 <jd wrll together be worth lCd. per lbn‘1^ 

Consequently lib. <4 4- J) ^t 10J. ) will be worth l id. per lb. ■ 

,rf^ : 2-..,. ,it h5 V- Or any quitpti^ ^v the San.e 

‘ W ' “2 d.yi 3 v proportidft ifrltfffiund 2. 

/v ^ '* ;■ ^ f • ■> „ i~ 

Aiid in the *ame arteaifo t ies of any nbAat^irf , 

Iii^dfentspny^ihmid, ; »? ^*1, , ’ s V - 

' * x ", 1 T ~ ' , < " * *■1' 

, When the whole mixture i<l§p§p jwighi,, find ( thr quantity v 

of each ingredient % Jthe;' .Thui^VippoSg ip tie fore* 

gquig'exainplc a mixin.e or $$2lfcwi^i£itepi* \ •“ ' * ' , . ,[ 


' V/; ‘ k ~ \ 

■ J?s" 4 ° 4- C* or 11 : JO V.-.-7 : ISt^V ' 

~ * '>** /- IV qua} lit f .* requite J 

n . - 

* -* ;.J 

Quouiur^ of this kind \\hc % \ propt :■( u to be solved .irilhmt- 
fi ily, tome unchr the rule called Alligutiop. It is ea$y 
ro percent* that they admit of a great variety of answer** w hkb 
Co lino' '.o^csck be readily diseovured^viihiHit AJirebu, 


interest . ' 


. , s * „ »'«.,> V v * 

F ST sum alj^vml for The loan or foibear- 

' -V It^'^efccl^Sfeu at ?o much Irr tent. A ier 


M M 'th- : »a/^TA|^ if 4.4 is |>iud for the use of 
year, i£4 is the iidc|^||^^ahd the rate ia 4 pel 
Oj if ^is a ) Cy-o 

^^Ailtcrest is Qiftf'jugt. U- 

... ’ '-A^c 1 w 


t v $'*?¥, 

the -Pfihcipal or snm 
\A^n # ^*ls the Interest^ 4 1 

rf^*4r ^ ' J 1* ^ 

IV " 8 SOJJ is the Amouot*(,vffc . 





Qit 


* £ V ‘ “ «M- j 

'-; tirterqst is ^kljr#gui$*cd into two kiriife s Simple, an d lCotn* 
pound. N 


; 100. Simple Interest is the allowance for the first st»ni or 
principal only for the whole time. So the simple i nu^t 
of •* 100 for 3 } ears at 4 per cent, will be ~ 12- 'Ihuchi.t, 
the interest of any sum (or a &i\cu time will be directly \)W[ 01 > 
tional to the principal. 

Hence, 

As „*flOO 

.Is to its interest for any; given rime ; 

So is any other principal, n 

To its inlet cat for that tune/" “ 


, ExmUphs of Simple Inter 

1. Wh»t is the intent of X'^O for 1 }ear at 4 per c. rt Y 

X C X 4x70 X v 

As loO:*l '-‘0 : =: lu lo. -4 //js. 

I u 

*i. V> hit is U 12 interest of JL$2\ iCj fo. 3 jo.rs at 3 per 1 . •'* * 

x 3 = XI j the 'ii'.vitst ol X ICO tar 3 jv.v 

X X 'X x S . d. 

A.; 100 : 13 i; 524 J : 73 13 oh dm, 

3. IIow much is theintWest»‘fXl' 7 2 Ij*. Ibr 2*0 days at 3 fvr n;ih‘ 

X! dp ’ > 

A Jo » : 3 - 210 i — 1 — the interest of XI PO for 240 din?. 


3i>j 


r , -v 0 } 0 y-’^$4?V *,y ^ 

As ^ 100 ; *.♦«* .jVfo- 


T 


S', 


4. What ttill | a l^. amount £o^£?y< k ar* :*t 3 1 £ per cent t 
Sum It'S 5 


of of TOO in 2 75 a ears. 

A 

iX * f i- &■--£' S. d. * - 

As 100 : 100.105 2 « : 238 D 7 A* 4us. 

-*'hV J 


■ 056'*' , 

* * , -Tli 






■ «’ ,: ' v llftfco&ftoi * i , 1 , 

“’W* 1 \ 

4 ,l / i»' , 

i * r . - . ■ i> ; ( »', ■ , •)) i ! vc n i ' ' i ) i < * I n lerest or dfccou n t 1 & requited* 


1 !■)' '2* <Y.lS 


i ')0 hui i»l i '. i i OY » 


t i : i »- 

* *» 1 * . ; .!'!:• 1 : !' * ib> tijnv i , 

W'h.r. i> fin f j» j v 't.i- ■ jj..' j.r. i 0<7J per cent- or winv» 

«- i I‘ _ 'i'll 1 '* T .<< U*i JL Ui&uh k 


. £ l .* f, 

'/2'7 JO Am 

\ l 1 u., 'v*' icnr, towolv am done at vh.il is th«: Mlerc'i 

.;»• n< . 


As j j; ^ - i‘nj / f p') cent Ac. 


C()MPOl r ND INTEREST', 

tt*7- '^u r v the amiHiuf .v Simple ! jp'usi u l*»r Ixirn^ (lie 
" 1 ' -J »li » -» * ■ , ii from .1 ih *u m i s <\i ifl t\miprmnd luU'ii -c* 
*’ dar. l')r i < ' -siu Lpe’Ciiptr iinouiP itu\ bt found .is hi the »£*, 
i Suitplt Ini* ri'“.L r only up* iluig the operation 


/» ..ip'ts. ’ 

* What fc i .V ^n^untoi' «ii:om4 y*Mr~, «• J per cent, pa u iw'i 
•.impound dsf -i^^L ** 


'Hu* aii^cant <ifc,*£lOO m l, fear is <£lu3. Hence, 


As 100 : U& 

1 * , 

year. 


£ 

1?0 


A 

103*V HA . 
I0i> 


t&e amount at the end of ilz hr. 

**■>. 

V’ 


Oc dividing’ tin t*w, fi r a term* of # tjie proportion by 100. ■ (% ; . 


As l : 1-03 :: HO I '03 X 120, the anlOUlii at tho end of the \st. yv.T- 
, r li l-03 :- 1-03 x 120 : 1 03 X 1 03 >< 120 at the end olThe 2J. 
W1'03 : 1 *03 x 1’03 X 130 * 1*03 X 1*03 X l '03 x 120 at the end 
4*f theSd. , , 

4 VOL. I. , O 



i 1-03 X 130 - 103 X 1-03 X 1*03 X 103/ 

X$2& at thcen 

■ 4 *' . ,. 

^ 4 v J - > r> . 

1 : 03 x l ‘03 X 1*03 X r03 4ss I-ICt’J (ictniiui.g 4 decimals only) 

120 

s ; # „ ^ws. «fc T*j*0<>Q0, or <£135 1*2 a. the amount . 

if' ^ r. 

S. What is thtfeOmpound inlereslof 242 10 forborn 2« years at 4 per 
c&fit. per arm . tli* interest payable hall \ *arly ? 

, * i f ' 

The interest of X 100 for j a year i z £2. 

Therefore the amobnt of eliOO atifo? end of ! a year is £ 102 
A -£100 s -£102 t: ^ 

Or dividing the two first terms by lOGs 

-^v t ; 

As 1 : 1*02 242*5 : l*Q£ X 24# '5 the amount at the end of the fiisfc 

\ year. « ’ 

And piocccding in the same manner for 5 half years, we ha\e 

£ 

TOC x 1 f3 x 1*02 X 1 ‘0C X 1*02 x 242*3 for the whole amount, 

‘ *PJ X i 0J A 1*02 x 1 02 xl'bC—l IC.aS 'i« bulling onh 3 ducjinJs) 


A'ii 1*1 0 1C J x 2! 2*5 — -■ . . 73 Jj ' amount. 

, ?<1 •> ;*!»• pniifipal, sjb<riLt f 

2 > 0 .°j the uiUi s\t. 

3nt the operations in Compound Interest arc much more ex- 
seditiously performed by means of Logarithm*. 


OF POSITION- 

, «? r ' . 

10S. Position or the Faiie a method of-' striving 

questions fcy'^e^ns 'Or false liumber^^i^^^ta’O 

Ouestions^^lclH^^^ but one assumption, ©i^hfeire^ the 
results are the suppositions, belong' to 

position^ such as die SOt/i, and 2 1st. examples in the^^i of 
Proportion. 



DOUBLE 


positiqM 



B ft w 

100- When two assumptions are made fur answering the 
r.m.-tion, it is calk'd Double Position; and sometimes the me* 

thaJ of Trial- and- Li i or. 


j. 

Rule, Make two suppositions and proceed with ea< h ac- 
cording to the couditwi s of the question, Then find the 
differences between the results and the result jp the question. 

Multiply the first suppost|j^|^^ second difference . or 
error ; and the second sVtjppdsitiitt^ bf the first difference or 

error. ' ? ‘ . \f .\ 

>* * 

Then, if theeirors are alike 1 ftiz* both too great, or tco 
little) divide the difference of the products by the difference 
of the errors, and the quotient will be the answer. 


But if die errors are unlike for one too great, and the other 
to hi tie) dmde the sum of the product* by the sum of the er- 
ror- for the answer. 


"1 his rule is founded on the supposition that the differences 
between the true and supposed numbers are directly propor- 
tional 'o the iL-pective differences between the true and erroneous 
results (to!. 2. art. 128. * ramp. 8.) * When that is not the case, 
the rule csuiuot give the exact answer. 


Examples. 


■tf .. 

-two numbers are thoseyrtipse sum is 10, and the grener di- 





»" jS iPjj ; 1 ?#* 

itir s\i m 1 * 


thei 

sum should be "1,0 
, 'Dflerem e ox first error J 1 




w;* % \ 

sfe&AITftMETIC. 


suppo^t^^^js \ il ] ] ilu; quotient being 20. 
f*i+ t 7i * $'<! their *5u in )2 


/3f* ----- -- .. 

I'm! the sum thouM in* JO 


Diituenu; 01 second error \* Ion greet?* 

Xowth* irr«-at « r support urn* CM .mil 10 v. ill "ive tin* gre^tet of t ! *' 
two i count'd numbers and the otlur suppoMtmiH 1 tJ «.d j wnl lii> v 
out the less. 


First supposition JO 
SV< ond error ... '3? 
Product 610 


* S«(on<I -aippoMiio.] 40 
li*..l enoi ... !F 

PlOdilCt 1 10 



jyfferCLL* o t products’ 50O>whieh divided by Cl the dijfcrence of 
the moii, 32 and II, gives ^Jpfsa tile greatest of the two icquiicct 
numbeis. ^ * *** 


Again (for thr least of the two numbers). 


Fust supposition 1 
t'ceoim erioi . 32 
PiodiKt 3 2 


Scvond supposition " 
Fust error . ... 11 
i'lodutt 5‘- 


i : 

r ) 


Dijfi.rf'T':* of pioducts H» whu ! : diMclen l>y "V th. Hi[ftrt*iCt of ihe 
erroisoue^ ihr least of tin' two ’• quire. I ■hiuuums* Hut w lien either 
iminbei found, Mie other, will In*«iven, bee. ansi tic u *eui is u.veiu 

To -rnfjrtlie rule when the < not , v.iHkt* T < t the fust suppositious 
be ?n .inti I asbeforej then th * x fir\l tj i L » will be 1 1 A extent. 

For the second suppositions \ 'i ) , 

li t l l<f numbers bo^ . ... ) c^[ the ...-uut bq»«g 20^ ^ 

J^it the *tlm sL^nlilbe IQ* ' ^ 

Inference or seco^epor /. too li/fit . < 

nnattSt* 1 . T'QI* /fpf.z ' S< r n»ul iqiposHfi$jt*f 


r ir-t 
Sec olid 



4 c . Fust encr 


oM 

- 

product* 






Then { the greater number as be&re. 

]:*2 


DOUBLE BO»T fitful 

aire- - 


lof 


icf* * 

-• Whal number is that which added to its square shall make the 

C.lii£l 12 ? 


mippose the number to be 5 


Next, suppose 4 


Its equate is 5 X 5 

— 25 Its square is 4 x 4 

1G 

Sum 

. 30 

Sum 

20 

P>ut the sum should be 

.... 12 


12 

Error . 

V 

...18 too great. 

£fror...J 

i 

l V >* 

8, 

Products 

S 5 x 8 = 40 
< 4 X 18 3*472 



Difference of errors JO )tediff. of product* 

£j? quotient. 

But the required number is 3, (fora addfei to 9, the square ot j, mike 1$} 
therefore the lulekih in this true answer, however, may 

be approximated to anv assigned decree Or accuracy by repeating the ope- 
ration, and constantly making the last quotients or approximations, tbm 
assumed numbers : 

r J Jius, 

Jh one supposition be 4 And the other supp. 2-2 

its Mjiiaic (as before) Itssquan: /2 X 3?=: 10-24 

« uln <?,J Sum 1.3 *44 

J2 12 

itn or a* befoic 8_too great , E. ror ... ~777 too great. 

% Erroi ... 8 
Diff. error ... 6/50 

f 4X 1-4 4. r= b-7€ 
l 3 J x 3 ■= 25 -6 

19*34 diff : products, 

= 3*02 the second approximation . 


Products 



making 3*2 and 3*0# the assumptions we have 
X3#2 acs 91204 the square of 3»QS 

n* '*! 3*02 - />■-> 


&inTJ2l404 


^ ,* j? ' j 

i Ei rot 0'14U4 tocPgfeat* 


1*M first error. 


r2996 dijf. e: 


Voducts f 3 ’ 2 * 0,1404 2=5 0 



0*4iSStoV 

•3438 ' ' 
3*89952 diff. 



to* 


■■ vARitHMKTic, 


Then 



05 the thit d approximation. 


, Again, let the suppositions he 3 l 0? and 3*0005 ; and 4 hr next approxi- 
mation comes out 3 000001, And il the operation he repeated v-ith 
3'OOOi amt 3-000001, the result will be 3'COOOOOOOOOS, & c. 


•In this manner the rule may frequently be applied with nicer:* _r: «pfv 
difficult cases. 


OF INVOLUTION. . ? 

llO* When a into itself a certain 

number of times, it is catt^lnvolutio^, or raising of powers. 

The number so th#jpot ; and the products are 

the powers. 

? t . *■ , , 

Thus if 2 be the root. 


Thrn 2 X 9 z. z 4 U the CV5 pev*i cr e quar** of ?, 

« X ' x ‘i -- ft is the 3d p«>v\>o. » u’<e of >. 

2 X 2 X 2 X 2 = It) is tin* Uh p k»u or bKpudm't. 

2X~X2X2x2 .= 32 is the 5^ pi tv «r ^vir-u’ui, 

Li\ 


Roots 

Squares 

Cubes 


1 2 3 

1 4 5) 

27 




4 

64 


125 


6 7 8 

3o 49 6i 
216 3J3 312 


£> 

S/ 


- 

'4^~ 


lit. The power; to which a number is to be raised i$| 
denoted by a sm$l£ figure called the index or exponent* 

t Thus 4’ denotes tbe 3d potior < 

the 4th power < 
square of 

or exponent fo,4, and 2. 

= 32 is the 5lfi . 
power is the product 






Its' sfe L tf TtOHS §§£ jyL > 10$ ' 

For 2 x i — 4 Is the squa;e ; and 2 X^3^0|HM| the cube; 
therefore a 32 the 5/ ; i pinvor. " 4 ,Jb -;,' 1 |tfc ** v - 

' VivA^^’’ ' 

Hence 2 4 x 2 1 r 2 5 ; consequently 'the' addition of the fau 
dices Sand 3 answer to the multiplication. cf the powers ; vizi 
*J 2 X 2 3 — 2 * 3 . 

Also 3 3 X 3 1 n 3 T . For 3 3 is 27 ; and 3 4 is 81; and 
27 X 81 is equal to 2187 “ 3x3x3*3*3 X $ X 3 

~3 7 . *; 

* 

Otf/w 

What is the *'jurrc of 100? °- 

j oo x ioo css iqotx&. 

s -‘- v 

What f; t re s :uc.tl of ^ 7 

i i *' I ! *“ l ?T* 

t-'i tun tube ol the dennul '013 : 

Nji;‘ = vi:' ;< 0 *3 X *0i:3=i 000002157* Ans* 

hat is \ r i‘ i'/; pov ri > 1 M 1 

'i' 1 x v*0) =1*0101 the square, which 
n 1 -- 0 1. 1 ' X 1 ,! lul — » >>3224030 1, the Answer* 


EVOLUTION. 

,11;9. Evolution is the extraction or finding the roots of 
attji^fett^^ers, being the reverse of Involution. 

:h is a known paWeifwiU have a detormi- 

■ . — ' -‘^fe^nfiober 8 is a cube 

*‘> L , 

4t 9 ia a s^uare having 
ipnd, be- 

ISpproxi- 



ftional root: Abb 
root is 2 ; aniUftjfc 
* but lo is not art 
can never be §sc 
tls however, the roots of any 




any assigns 


of exactness : the&eapproxunate 
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10* 

toqM are called irrational or tuid roott. Thus any root oi H< 
be a surd. square root of 8 ; and ihe cube root of 

0 are both surds. ,f *' w v 

To Extract the SauARE Root. 

113. Rule . Begin at the units place and point the number 
into periods of two figures each, 

Fin3 the greatest square in the first period on the left hanu 
and set its root on the right of the given number, in the same 
manner as a quotient figure in division. 

Subtract the square from the period above it, and to the re- 
mainder bring down the next period, for a dividend. 

Double the aforesaid root, and find hovv often it is con- 
tained in the dividend, exclusive of its rig -hand figure, and 
set the result in the quotient, and also on iIil right of the 
divisor. 


Multiply the augmented divisor by this last quotient figure, 
and subtract the product from the dividend, and to the remainder 
bring down the next period lor a new dividend. 

Then find a new divisor bv doubling the figures of the quo- 
tient 9 and proceed as before till all the peiious are brought 
down* 


The best way of doubling the root or quotient is by adding 
the last figure always to the last divisor. 


Examples* 


!. Required the 8quare,root of 41409255 * 

■ 'v* "vAa 1 


iootot 



xitzmy 

0 3*49 

1383s ) 64325 
* 




satr '.lit; so ’ *’■» 

1 1 1. 1 be rale* for extraction; the socuur^i^i''is easily derived 
icom the following method c r' forming a^qiiare or the product 
of two like numbers. For example, suppose 0‘13j x tUdj 
(the above square}. • 


fil x fii n 

the su.ii ui 


4 t.o 

C oj 


X 6U 
X 1 
X 4 


= 3 /u> 

{=zl‘>lXl = 4<>*» 

ot X Gt = 40i)o 


'1 he sum of G4 x 4 nod GO x 4 beim <V same as ^multiplied by twice 
udde \ l n 1, cm fit x 1 ; thereiore t > t ■« I the difference oi the squares 
ot GO cMul t* f , .idil 4 to tsvn e GO and muHqdy the sum by 1. 


In hki* i« in *n-i the ditferon* e of the vpiares of GIG and 613 will bo 3 
uJdt\l to i\.iu* iiW and the .,um multiplied by 3, (1283 X 3). 

‘\nd the dilUrem o l>« t'S"en the squares of 6t30 and (>133, is 3 added to 
twice ol 50, and the bii.n imd'ij/lud b> 5 f or 1CS63 X 3 ; and un. 


IJjme MJ3 x <>4J3, oi the* square ol 613'» will be 


ff;o bum ul 


i 

i 


k>"» X rtnoo = JGOOOOoc) 

1 . , uO x 4i\> -= joGnuoo 

rjs3o x do -- nsr>M 

iV OJ X 3 =-_ _(.n. ’3 

•i rv.j'jj 3 


fi.r'p*u,o as tin . V>!* s une c of’ the products r».)';0 X (>(*•' 

tv* )•» x n ). i -.n x i L i. * i .* i'. x 3, .; u bi divia.-d h» i.uou, 

*1 eu l'..* * un Li i*\ 1 MK, and if. o nc , \t # ii , l *■». f cr t»\ j A tid the 

i ’st rom.iiii ■ . 1 \ )_ n>’, tin* o* 't. tills will be Go »• V30, M) t ..ml J, ulu 
*(.1.1 1 » tllO H*Ui. 


Gt-Iii' ) I ! ■«" '33 ( Ul/uO 
30 'll'! ) 


12100 ) aJuOjjj ( 400 

4* ,f »0000 

42830 ) 4 ( ju 
* 8863 ) Hu" (. 5'V‘ 

{SAfi ‘ ‘ ' ' 


roo^\ 

'this operation *he fn*t divisor it the “ 

» t*p9tbl«'n£ie thousands added to the hundreds; 


jrjpetrond 

ble the 

£s and humheds added to the tins; and the fuurtf-iidhqble the. 

VGJ-. 1. ^ P 
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thousands, hundreds, afed tens, added to ll e units: hence the reason for 
doubling the root. And because a t iplnri in the dmeoi, and ai other in the 
quotient, will make two in the'^roduit, il tin < iplii’iS aieomiitcd irf both, 
itis cwdont that onl) two '■< ures inu«t be brought clown at a tune m order 
to form the diwdend, which is the reason for pointing the numbei fiom the 
right to the left into periods of two liyuies each foi it is manifest from 
the foi nution ol the square, that the root will consist ol as many figures a < 
ihcic ait* points or periods. 

2« Required the square root of 1008618 19 > 

1 00361849 ( 1 00 1.3 root. 

1 

200* ) OU8618 
4 «016 

20083 ) 602& 

6024 9 

3, W hat is the square root of 5*9049 ? 

5*9049 ( 2* 13 not. 

4 

4 1 ) r>o 

4 176 

4S3 ) ll U 

1 U> 

4 Required the square root of S ; 

S ( 2*8 28 &c. r^ct. 

4 

4S ) 400 

S 384 

5U‘2 ) lt>00 

t 1121* 

'ji.ld ; 476”»t» 

4 >!'-H 

‘.I lo 

Tims by annexing periods of two < q/ e:s eat Ii lo Hie remainders, the 
extraction may be cOfttinue^tO any number ol dcciiiafc in the root. And 
the integral part of the root ,yn\i comk^oi a» many fiy.ancj as there are 
points over the tbenfimber who-** root i a required, 

1 1 root of a proper fraction is greater thjw its 

square ] .- Therefore decimals arc pointed at every second -figure 
from the left-band. 



SQUARE ROOT; 


tor 

ft V 

» Required the square root ol the decimal ^ 

% 

-10 ( -635? &c. rt»*. 

JiJ 

V2 J ) *uO 

3 30 > 

K'oy ) Jim) 

* What \> the sqo.uc -*'t l of •C'JGS’G ? 

•IHWJJ ( *33303 &.C. root , 

y_ _ 

60 S ) )OUO 

H •) So l- 

oio‘i )*T7oOO 
jm m- 
1?70 

lib*. To extract the squat e root of a Vulgar Fraction . 
Reduce it to its lowest rein s : then the roots of the numerator 
ami denominator will foim the fractional root required. 

Tims tin l 4«: .n* loot of ^ is J. 

And t if sin hi 1 root of / r ; i*> ^ , foi ' £ * -r 7 ’ whose root is 

the Mpiare root of ^ ; \ t is ^ ; loi = T * ff whoi»e loot is 

\V ! fii ih * tomis of the h v "mi *ro not jr ifnr v\u in* , it may hi* :e~ 
i!iu i'll in .. i'll ’iih'!, and its root i\ltai l"d. m 

i h Mij pose the stpiar. loot of # is required ' 

£ = -,11 JS57 1 1 .^o. whose loot IS [\l >1 j &c. 

, ^ 7 

Or beta;' a* J- =r - - = -J J, therefore t'*« square root of 35 'hveh'd 
by 7 (tin jinreieoloUt') will be the root inquired. 

The squ ire root of 35 is 5-J1608 ni^jy. „ v } * ■ 

, . h) ^ •• ^\Ti- 

Therefore ‘ = -S1515 &c. lh£ )*&}#> a&fbefhww 

‘ - . tjK 

, A h^xt Number may be brought to ail hflpropeyf ^pbn .'and 
it? root extracted a-- above. • ! 



to t 

4 

Thus, to extraetthi 


jiMithmetic* 


root of i 1J : 


3 P = y, which ^e*jAwl to = -L2I v hose 

I'.’ ' \y ' > 

root is — —7 — 3 41 jG'j &c. the lout i^quin d 


Or fi.c fraction may be; reduced to arfuttmal, ami thcicot cflhe whole 
extracted* 

Thus 11? = \ [-C)66f> &c tthos crooinZ lljGb &r. 


TO; Extract the Cube Root. 

il7* Buie. Point tty^ffcambrr info periods of fhrrr figures 
each (beginning at the ujtjrifr) andiind the greatest cube in the 
first penod on the left hand, and set its root in the quotient 
for the first figure of the required root. 

Subtract the cube from the period above it, and bring down 
the next period to the remainder fora dividend : 

Divide this dividend by 300 times the square of the figure 
in the root, and the quotient figure will be the second figure in 
the root: 


Subtract the cube of the two figure* in tlu mot fioni tin* tvw> 
fiist periods on the left hand, and to the mmainder bring clown 
flit next puiotl for a new dividend : 

Divide thi*. dividend by 300 times/fhe square of the two 
figures, and the quotic nt figuie ^ fcrti^r third figuic in the loot : 

Subtract the cube of Ur thr^e figures ui the root from the 
thr*»* lift hand periods; tbcJ pmeetfd as before till all the 

i c , 

■Minimi'!, r after all the figures of 
t down, period* oT 3 ciphers 
ot continued in decimals* 

r*. 10% vol 2\ onI> instead of nig^tting 
dividend on the light fund in making the division, the ' 
u.iu re ofthe root is multiplied by 30* £U^t,e$d of 3) for the divisor. 




Examples. 

2. To extract the cube root of 4973940-2 13. 

4973940-213 ( 170*7 root. 

divisoi 1 2 X 300 = 300 /%973 ( 7 

4971 .... two first periods. 

173 — 49JL3 

divisor IT 2 x 300 = 8n700 ) fi0940 ( 0 

divisor 1 « T U Z x 300 -=S(mo 000 ) 6oiM '243 (7 

4973: 10243 . .. four periods. 

1707 3 — 4973*) 10 N3 

U ' 

Here 1 is the gieafrsl cube in 4 the first period. — 3973 tire first dividend, 
and 300 the fii divisor; now 300 t9 J% c6nt&imed more' then 7 l times in 
3973, but 17 3 = 1913 which is nearly equal to 4973 the two first ppiioda 
and l heir lore a number or digit greaterthan 7 will not answer. 

The 2d. dividend i*. eowo, and 86700 the 2d. divisor, consequently 
0 u the 3d. ii me m the loot; s zi w hu h rase, another period is brought 
do-, n to tli.it dividend foi a new dividend, and the three figures 170 are 
ii'ixl in bn mine a new divisor. 

i * 

In this exampV we h ive 3 points over the integers in the proposed 
vm'"b‘*r, and theiefore l lie i. 4 :egial part ol the loot will consist of the 
like mun her of liLjeii s. 

2. To c\lu< l tl-s. .L.-iOot of e >83500, 



o3^£«JU ( I83v0o7 kc^r&of. 

\ 

divisor i 3 y 300 ) 5383 ( 3 

0333 . . . two fir jt periods. 

18 3 = 3332 

divisor 18^ x 30C=97!LV)J 531800 (5 

0383800 * three first periods* 

^ 185 3 = 6331625 * 

divisor 185 M3f 0=103(37300 j 52 j ^ V , 

divisor 18350* X 300= 103 '2307 50000 ''*36* 

divisor jftSSGG 2 X 300 = 10323742 S 1 0800 ) 

&C* &C. ’ > 


.A v- 



11 & ARITHMETIC. 
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The 4 decimal* JA^th^IOOt are found by annexing 4 period* of three 
ciphers each. ■ ' * ' 

3. Let the cube root of the decimal *07 be required. 

Iiere the periods or points are placed over evciy td. figure from the 
]«ft hand. # 

■07 0000 &c, (412128 &c. root, 

4’=6I_ 

4* x 300 = 4800 ) 6000 ( t 
70000 
41 *=68921 

41 * X~300 = 504300 ) J079000 ( 2 
7000 0000 
4123 = 69934528 

412* x 300 ssMKfozOO ) 65472000 C 1 

’ ^70000000000 
4121 3 = 69985463561 

4121* x 300 S 5094792300 ) " 145 3H 39000 ( 2 

"7 0000 i / 0 UU ( 1 uo 0 0 
41212* = 6999 5653640 1 28 

41212* x 300 5095C86S3200~) 4346359872000 ( 5 

&c* Aic, 

The reason for pointing the number into periods of 3 figures each is ma- 
nifest from the principles of common multiplication ; lor any number with 
one ornioie ciplwts 011 the light hand, must have exactly 3 times as many 
ciphers in its cube. 

118. But all the usual or common rules for extracting the 
cube and higher roots are extremely prolix. The following 
general method of approximation however, derived from the 
rational formulce of Dr. Halley, (vol. 2, art . Ill) is more expe- 
ditious, and easily remembered. 




CUBE ROOT..' ^ ( lit 

Thick tajke the sum of ' 

Thfe’ass timed power multiplied by its index add&l to 1 ; 

And the given number multiplied by the index lessened by 

And the sum of 

The assumed power multiped by the index lessened by 1 ; 

And the given number multiplied by the index added to X 

Then say, by the Rule of Proportion* 

As the first of those sums. 

Is to the second, ** 

So is the assumed root, ; 

To the required root, nearly. And if tfiia root be taken 
for the assumed root, and the ogMMion repeated, a nearer 
approximation will be obtain$i ; aiidio on. 




Examples of the Cube Root* 


i . Required the 3d. or cube root of 18 4 > 

Assume 6 for the root, whose cube is 216, the assumed power. 
Then the index 3 added to 1, and lessened b> 1, give 4 and?. 

Therefore, 

Ab the sum of 216 X 4 and 1S4 X C, 

Is to the sum of 21 G X 2 and 184 x 4 ; 

is the assumed root 6, . 

To the root, nearly. 

Or dividing the two first terms of the proportion by 2 we have (9G.) 
As the sum of 2 16' x 2 and 184, 

Is to the sum .of 216 and 134 x 2; 

So is 6, 

T o the root , nearly, 

fnp&ifc. 

As twice the assumed 
Js to the assumed cube added- 
So is the assumed root, v 
To the required root, nearly- 




AKiTIIMEilc 


m 


Assumed cube,... 


Gi\ jn number... 


2 



4J‘j 


Given number... . 

184 

Assumed cube ... 

Sum 

. Mo 

5 on — 

As 61 6 j81 ■: 6: 

j*7 root neat (y. 


Now taking 5*7 for the assumed loot. 

its cube is ISj 1 93 

cube. 



Assumed cube 

1 

o 

Gixcn number 

' 

J70 3iJl> 


Given number,*' •*. 

.«» 1 84 

Assumed cube... 

Sum.. 


Sum ... 


36M 
.VI 6 
\ 


b.N 

18 i* IP' 
> * i* I'i5 


As -SUMS'? * 553 , 1°7 . 5*7 S 5'6877J4 ?oo/ f which is true i.i the Jasg 
decimal. 


* £• Required the cube root of the decimal *0'« ? 

Assume 4 foi the mot, its cube being Ot 1- 


■06 J- 
•J 

' -ils 

•(>7 

.S.'/j/i . litis 


■07 
’ 7 i t 

U|' ‘ 
Su.ii ui 


As JOS : '-(H 4 'tl i>'o£ nc. ib. 

Nov take a l)G8DJl the cube oi *, l lor the sot oiul assumed < »; * . 


•06?P.M 

.07 

4 » 

o 

"T.jTiTj 2 

mT 

•w7 

rj 

"vuTsf” 

Sum,,. L .>S“ J 


COT 812 : -20890.1 :: Ml . -4 121283 roof, hue to the last iij*uie. 

< > l 

For •4l2l285 , ^ff f0fi3£59^8 H* (reUmina; S places of decimals onh} 
which is less than of t 4 h»; truth. 

T I w 

of a Vulgar Fraction . Re- 
m tfen the roots of the numerator and 
e n 1 1 fonil the fractional root required. 
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Oi ARITHMETICAL Flit) PORTION 
PROGRESSION. 


121- When four numbers have a common dificieucc flit?)’ 
are said to be in continued arithmetical |>i abortion. But if the 
difference of the first and secoffd is equal to the difference,. of the 
third and fourth, hut not to tha^ between the second and ihisJ, 
it is called discontinued proportion* 

2, 4, 6> 3, fconlinued proportion, 

2, 4, 7j 9, dis< oirlinucd propoitior* , * 


122- A scries or rank of the first kind form a progression: 


1, 2. 3, 4, 5, 6, SiC. 

0, b b *i> 2 > *h> &c - 


| ascending scries or progtesslous, ■ 


3 *?, 29 , 2 G, 23 , 20 , 17 , &c, 
101, lOi, 10, 9$, S!£, 9J f &c. 


) 

i 


descending progressions- 


123- The first and last numbers or turns are called the 
tremes; and the others between them the mean;. 


Thus I and n <.r>‘ ihc extremes; ?r.d, 2 , 3 , t r fho RKnr .3 of ihp rani: 

1 , 0 , 3 , X, 5 j 0 * - , 

, < * 

J24. It is evident from tbf nature of l progression;, lhar 
tbfe double of any term is tt)ual to the surged* the two ad-acent 
term.;, or to the sum of auy*!v\^ terms cqiucintant from ■!. 


Tt.u-r sa t?io rank \ . 2> 3, 4., &r. 

t'A ’ce 4 m t > 3 its 2 , "b 


- j <V>. Hence if three numbers aflft&ftt' arithro&t 

, ' ’'Tfv* '* V ***r rn *'' 

twice the mean i$ equal tq the tainftgm two 
Thu?, if die Ihi 




4 /' J ARITHMETICAL PROGRESSION, 115 

^ . * v 

35* , 20, 17, are the 4 numbers, 

^Tlun 23 + CO = 33 + i 7. 

-M 7 - *5mco tlie terms of an aiilhmelioal progression an found 
continually adding or subtracting the common difference $ 
if the difference, twice the difference, three times the difference, 
8 cc, be added to the first term, the several sums will give an 
ascending scries 4 " or subtracted, , a descending one. 

Thus the UtAis of the progiessipu 3, 5, \ f 9, U, &.cv hefting the com* 
liion difference 2, will be Kr . ' J ft 

3, 3 -4-2, 3’-h4, 3 f- G, 3 -f 3, *‘ 1_ : ; 

And the terms of the <\ .» \ 5, 4J, 4, A*r wh^re the common 

rliifcicncc l- h 

* , ib i», G — * v 6 — l, G G-*-* C, ike 

t K 

12 SI Conseijhcnilv when the first and last terms arc ■giver, if 
their difference t)o divided bv the number of terms lcisened by 
1, tiie quotient wjji be the common difference of the terms, 

F-'r' 1 ’ impie, let the lira. U l:u be 2 t the List 20, and the number of 

\y 1 ) » 1 - v 


TV;j Jo — J =z' 1C the diffTcnc^ which divided by G for 7 — i) gives 
‘ £■„. t.a- (u'liinun difference oi il:e tesxrjj. And the ymgnrsb'ou v, ill be 


i>, 5/s, u* u; & -■ 




i 9 . fji this piruimr we can find ai-v proposed number of 
arithmetical means between two given numbers ; or interpose 
any number of terms between tvv'o given extremes, 

y'foi cxa''.pie/ )cW aritlmitjfyuil menus be . >.'ad between 1 and 2 . 

, tV vu^cJe ^uinbei bcigg n, ,tha* number lessened b) l 

**/ ' 'it , f ^ * - 

^ 1 * f 1 1 , 1 n ^ v i 1 ' a * v 

And 2 — i J the* diffi^rifre* A* the, extreme?^ wl^dd.^vi4ed by ta 

fiwi ,*<, the ceirnr-oa 

time* * 


i*va 


c. 



,‘ARITfifMF TIC* 

t J30. Hence it appears that the diflcrcnre *'( 
vided by the common difference of the feints* gives lli^njtHSber 

of terms kss by l. ' i \ ' 


lor sample, let the extremis be 2 and 20* ami 3 the common difference 1 . 


*?c\ e i 

Then — - — : =. fi; therefore 6 -+- 1 = 7 lh.- number of buns. 

1 a 1 4* Therefore it is evident that the number of terms le^ b> 

* * 

multiplied by the common difference, is equal to the dii^r- 
ence of the tWo extremes, 

*j 

Thus 1 1 tin* number of tennrbe 7, and the common ilffferenCQ 3 ; ~ 

Ti.i-.i 7 — 1 = 6 the number td n j m a le,s$by 1 ; 

And 6X3 = 18 the difference of the extremes ; which added to 
the le^ cMintic will give the greater; or subtracted from the gutter will/ 
give the less. 

132. The sum of all the terms, in a continued arid rvdc.d 
series or progression, is equal to the sum of t,he two extunu’S, 
multiplied into halt the number of terms. 


Examples. 


1. Required the ?wn of 2, 4, G, 0, 10, i2 J 

.V . Iff - . JU,. 



to these add the same sertgfcitf'an in veiled nr<\r 

it'-' i 

"Now-! 
piopcsed b<*nes: 


t . ' ■- . • ’ 

''’Now 'the sum of these number.* is evuh n*!\ . ..u it 


„ * _ , r~J * « »' * 

But their sum fs p* X a’fopg^'or tpp/6«^of tin; fust and last term* 
giulpphed by the mi mbfe'r b& utMs, 

fluff that som new* 1 * ;<? 14x3^1-2- w>. 

^meaf.ipto half th^Wnbcr of Urms, 

^onc$be jptacetj onShe ground in a dnect line at the 
‘irpiflf t ’b6wfar would a pii«ou travel m 

L 1 VS?' V, ■ . 


ifeliyfo.a pastel placed a vird behind tha 

wT ' * - ’■ : 



geometrical jproportiom. lij 

' iQV tn$ first stone will be 2 yards, and that lor tha last 
rpoo^wbich theielore, arethw- two extu'mis 

* V 

2002 sum of cxpemps. 

i ■ 5'JO J*. id the number of terms. , 

l JO 1000 y irds, or miles, thcMiwer* 


Of GEOMETRICAL PROPORTION and. 
PROGRESSION. 

J 3*3. In arithmetical propntt km numbers are compared by 
means of their difT ruices; but in geometrical proportion by 
the quotient asking from she <1* vision of one number by 
another. Thus, when the quotients aie equal, the numbers 
which produce them are said to be in geometrical prop »rii<fti. 
For 1 . example, the- i\urnVr& 2, 4, 5, 10, arc in geometrical 
proportion, because $ w aft. p2, &c. Wliu wc 

Ud\< to add concerning proportion chiefly relate to the permu~ 
tat ion, composition, £ce. of the terms, and ratios. 


131. In :uiy number of proportional* token two and two iu 
m h r, the first, thud, filth, &<.. terms u»e called antecedents ; 
and the second, fourth, sixth, 8cc. their consequents. 


*1 . if tV* trnns ar« 2 ; 4 h 
. a ' . j t J Lie tii>r antecedents 

\ 3 When 4 numbers are 
of 8 va. ouous or permutations. 


: 10 ;; H : l>\ 

; aud 4, 10, IS 
p retortion aiy 


Jbct the nimbi ,s be 3, 5, 
ll.eu 





Jf'Uvfou* (92.) 3 :#. r i :: 5,t 15 
y : 3 r, : 5 

5 s (3 3 t 

15 i 5 

3 : 5 - . 0 ; fa 1 

5 . 3 , 15 : 9 

? IS :i 3 ; 5 




J1S ARITHMETIC. 

136. Iti ;i rank of proportionals standing in Q'fdetV 
two. — As any antecedent is to its consequent, so U ■ 

of all the antecedents to the sum of all the consequents; * 

Jjettht* proportional* be 3 : 5 ; : 9 : 1 5 . - 36 : GO. r 

Then J : 6 (or 0 ; i-f) : i3 •+■ 9 ■+* : J + 60 

or 3 : 5 . 18 : 80. 

For 3 t 3 .■ 5 : 3, hui.e J =s J. 

3 : 0 •: 5 : 1j, hence A = V* 

' 3 : “3G . c 5 : 60, l»ence‘ a6 j= **, * 


Vo-, (’ r sums of the equal fr.Ktiorr imM also hfr 
. 3 S* !) + Sfi > .4- ! i -+- ISO 


TJth fore (!*?) d 5 :: 3 -f P f 3G ■ -h '5 H-t-0. 

Tin* tttJici] cvmponfiun ofpropoitjoii. 

1"7- If t numbers are proporli nv :i\ t her,* as the differ?-”, 
of the first and second, is to ihc ih »t (or second,, m> i- the 
ddfeicncc of the third and fourth, to the thud (oi fourth). 

Surpo-u* 3 : * 9 : J *> 

Then o — 3 : 3 :: i > — 9 : ‘i 

And .j — J : .1 .' a i ) — 9 - 

fci * — ' T ; and if we take £ (or from s the* v'cr.umrK ’*■ ' 

(or 1) taken from V leaves 

And biiif.e equal muiibcis subtucted bom equal mim!^ in'isl gi.e 
, .. V — 3 I $ -'» . , . . 


equal remainder, the fr ctions - 
T herefore (9 J) » — 3 ' 3 * 1 0 1 ■ 9. ' 

i t, 

This js called of proportion.- * 


juu&l be equal. 


133. JSiuce 3 ; 5 At 9 : island (by con. pc> v ion) 3 -f- 3 
; 3 ;: Ip + 0 ; 9* J , therefore 5 -f 3, and 13 +' y have the 
same proportion as > -^3 and 15—9 ( 137)- Hence when 4 , 
mimb^crs^f^ proportionals As the sum of the fir^t mid.second 
U to theft difference, so is the sum of the third and fourth, ftfr 
»hdr difference. 


u*. 





ceometricau proportion. 


ns 


, xp 

■ + 3X:5 — 3 :: i;. -f 3 * IS — 9 

'8 2 ' i't t, 

r ■ . ; 

439- If several numbers are proportionals, their squares, 
eubcs, Sic. are proportionals. 

For example, suppose 3 :.>:■<>: 15 

Thea l is: ijiow tho^e fiachon? bting equal, tluir like powv* n>i*t 

br e f ;«al, _ , _ , 

3 41 ’ ,9 s 

5* •**- IT’ 

. 3-» yJ 

r a ’ id r> = is-*' &t - 

v v Therefore (9?) 3 1 : 5 - : ; y * : 1 5* 
or 9 ; 2 j : : 8 1 : 223 

And C 3 ■ i : : 13* 

. 27 s L2 j ; :72- :3o75, &u 


Hence the square, -cube, 8tc* roots of proportional numbers, 
nre also proportional# 


UO. If there are several ranks of nr( porlionals standing in 
order l .vo and two, the products of the cot responding torinb \wJi 
he proportional. 


F(U<\amnl<‘ h f 3 . H , 0 * » ", } , 

s t J ■**•*«• >..* 


t , 1 ti 
Ul J. 


X »; r 9 X 

30 7t» 


X 4 
(JO* 


' Fur ’ HS ; and y =% J # And ^ince veq\tal nuiiibre multiplied by 
^ual number must gut* c^ua* pvo'hids, - 3 x V mustLeoqu d to v %- x J, 
3 ■* 1? o x 8 


or 


ir *"4 ; lKird S 5 ?^' J ) 3 X 1 J-JX 6 -. 9 X 8 I J X t . 


5 , X 0 
4Jid so of any v»iHr number 


J^l. Tuner ih ixlio of tW jncdutfts is compounded of thr 
ratio* of Uic, turns; 

For | denotes ti* ratio of 3 to 5*, awl y that of J2 to * ' # : 1 




ijr ( ' ' ^ 7 

ttTiheoiher ierjns, 5 . 



*xw*» 







CiiOMEi'XJCAL PROGRESSION. 


I 21 


U) iJ^'Conipou/ided ratio -s 


I y 


- X 4 X i X lo >S J2 

Vititfiii its low Oil trims is j\, denot'ng ihc iv.tio of i to 32. . 


X 8 X Iff , . . - 

wnch irac- 


146. AH the term* of a geometrical progression nmy *be 
expressed by means of the common ratio and one of the 
vlrcn ics. 


J Injs, t he '*»ries3, G, 12. 4S. &c. where the common ratio is 2, and 

term 3, will be , t t> ^ 

J, 3 x 2, 0 X 2 X 2, 3 X 2 xSjfx 2, 3 X ° X 2 , &c. 

ui J, 3 x 2, 3 X 2 3 , 3 X 2 3 , 3 x 2*, &c, (1M) 

; , */* ji " n iv 

4*447. Therefore in any a c ending progression, if the first 
term be multiplied by the ratio raised to the power uhewe index 
is the number of terms less by l > the product will be the last 
term. 


Foi i v mple, -oppose 1 1 (* lb term i*. *, the common rat.o 2 , and the 
btuniotr ut toons li*; vv h*il is tue 1. J t-rni? 

'a'Ii*" r of It t 'ii*' \t ->!iv i i' * 

\i ,J „ s;: _» 1’, v i c l i piuln^i^Ufi bj ^ N f it* ixi-t Itim) jm s 128 the 

■ is: li'j ■] . 


I4‘*. lhu i tf ;i de-of ndiny pi'u/ressiou 'wli re the terms result 
,'Giii diu-mu; the first turn divided lr the sa;d power of the 
-atm i . i ■' i lie I. a Sum. 

o • 

*1 1 1.», i ;y i' o* i I it j.'si u-ii.i , 123, the common j<ilio2, amt the number 
oflcnns T. , whul ll v* U t 


2®:= 5J,\ ..j . si i'.'j divide i b} 5i2 gives JJJ or (in its lowest trains) 

Jthe Lst tfn ) 

149. lt ’iice, if one extreme be divided by the other, the 
quotient will be that power of the ratio whose index is the- 
number of term* less by 1 5 <AiJ consequently its. root Will be 
the ratio. ; y 


For example, if 7 be I he first term, 1 SS the test, and 
3 ; what is the ratio t 

'"S', 



her of 



AKIUIMITIC. 


122 

XJ.2 27 the 3d. power of the ratio (the number off' tetm jjj m, 
whose cube root is 3 the ratio required. ' 

Therefore the 4 term, are 7, 7 x 3, 7 x 3 l , 189. 

. or 7, 21, 63, 189. 

150. In like manner we find a proposed number of geome- 
trical mean proportionals between two given numbers. 


For example, let it be requited to find 3 geometrical means between t* 
and 1536. , 

' ‘'fijir* * s f 

4/A. power of the ratio (the number of terms being 5). 
% 

The square root’of256 is HJ ^hbse square root is 4, the 4/A root of 25$ 
or the required ratio. 

And the three means will be 6 x 4, 6 x 4 7 , 6 x 4 J ; 

or 24, Jo, 381; 

And the series 6, 24, 96, 3S4, 1536. 


151. When only one mean proportional between two given 
numbers is required, the square root of their product will be the 
answer. 


For example, to find a mean p'cpoifion.l bof.m u 8 and 18, 
8 X IS = 14 tv hose s*ju. ivin 1 1\ the u-i.-a cr. 

ForS : 12 •: 12 - IS. 


And IS is called a thud propo»*v n.d to 8 and I J. 

152. To find the sum < •' ad the terms in d given pro- 
gression; suppose 2, 6, lb, l i, lF>2; where the common 
ratio is 3. 




e. 


ldo tlu.* sc n w nii'liiphed by the ratio 3. 
.. * • tlit j# i il> it r,'f, subtract : 

436 lesienut' by 2 is the remainder. 


iris equal totfwke the sum of the Fines, because it u the 
reen the series and three limes the senes. 

4 •ife* 




GEOMETRICAL PROGRESSION^ 


i , 

Tfn^pfore if 486 less by 2, Ik* dmded by 2 {viz, the ratio less by 1) the 
quotient will be the sum of tiic sei ics. 

But 4SG less by 2 is the ditieivnre between the first term, anil the pro- 
duct ol the last by the lalio: lienee (he lolloum,*' 

• 

Rule . Multiply the last term by the ratio, and take the 
first term from the product, then divide the difference by the 
ratio lessened by 1, and the quotient is the sum of the pro- 
gression. 

In a descending progression take the first term for the last, 
and vice versa . 

Ex 2. Required the sunt of the series 6533(7, 16384, 409G, Arc. con- 
turned to 12 terms? 


The ratio or divisor is 4; and 4 M = 419*1301- . 

And 6>336 divided b} 410 1301 i \ • s tJJ J - or (m its lowest terms) 

llie 12///. or last term ol the ^rue^ t winch hi in«^ made the hist h nil, and 
63->Jo the last, the woih will stand as below. 

1- ialM. 

20 21 fl- 

sul.tiar*. 

i tl e ratio les^ h) 1=3) 2nj I i i' ~j 

sT ;s 1 , sum y the wa i. 


J. A-. officei \>iih a detachment of 6<? ir -« I*, ivinn taken a v°rv strong 
foil l>) tu.pme, de-ured as .i icwaul for limiM ■' and the paity, 1 musket 
bullet lor the lii\t map, 2 tor the m-loiiJ, 4 ioi i'v thud, 8 lor the fourth, 
and so on, doubling to (70 times (the immU r ot n.cn) Now suppose eac h 
bullet tp bean oume, and the load at 3 shillings the hunched weight; what 
would be the value ol his request > 


Hereto first term is 1, the ratio ?, and (he number of terms 60; 
therefore or 2 raised to the MtfA.pouei will be the last tcim of the 

* rn, s - . » 

■_rjr 

The 6tk. power of 2 is 64, which cubed k 2€2\U the-Jlfc power 


(111,) .and that cubed gives 18014398309131984 the 

P- 2 



which 



1S4 ' ARITHMETIC. 

multiplied by 12 (the 5 th. power of 2) is ^6^0732303423488 
power or l.i-t term of the series; this multiplied by l j the ratio, iqr&J, (the 
first term) subtracted fiom the product, I r >04 60684(5975 the 

sum of the ycnc\ , or rummer of hultcts, or ounces (because tlie ratio les- 
sened by 1 is 1), equal to 64-337137.10386 t£?, 5 7 y, hundred weight, which 
at 5 shillings the hundred, amounts to £ 1 fir >84 ^‘8d 383 4660^,^ 
C'lf^er. 





E 185 } 


ADDITIONAL EXAMPLES 

I K l THE 

Foregoing RULES of ARITHMETIC* 


Vulgar Fractions . 

153. Required the greatest common measure 

of nv?e. 1458 jins. 54. 

1100, SjOOO , 700 

1353, 1419, 187 11. 

2 (STS, -U 56, 0708, 7917 13. 

‘>•'57, !M ( 

9101. 

10307, 813 937. 

5600, 670., 103J, 

r.tduce to tl c lowest terms 

^‘"a 11122 i Jt,fr f 2 ri 

257 i 7 *<;»>* S i i 7 a * 

j ‘7 ’ big • Tj/i.' »s»» rs- 

; a , a 4 2 Oi 
r,6v ;* t? ; r+r> i 1-ij.T* 

,"!i vUi 'e (o equivalent whole or mi\t iv inhere 

\ . -; J , * /*//< 1±, 8, 

i 1 i'f, 1155% C. r M0J 

Recliio'* lo iii)(no|<t i tr i Moris 


1 1 S 


i 


i 


r'i r27 ?a 


j.i*. lull, 1 * , 10 -V n . . 
iieJm* 1 Ui simple Tib 

, ■/ '•/ : j s. ».#.» .. 

: -I ? i ■ ! 

^ «/ t of ; '<f 7 

1)/ 1 1» of 1 1*, 

f y !»/ io->/ , 7 ; 


3 lOOOl icooo 
* - io-» 


f. 

- v. 

-<•• 

J. 



ARITHMETIC. 



Required the least common multiple of the nine dibits, or the whole 
number ttuL in divisible by 1, 2,3, 4, 5, 6, 7, 8, and 9, without leaving 
a remainder? . A i\% 2520, 


Of 10, 35, 15, and 12 Ans. 1C GO, 

Ol 50, ICO, 76, and 50. 

Of 162, 27, 729, 4S (>. 


Requiied the least common multiple of 10 J, H *, and 26] ? Ans. 2782$ 
Reduce to the least common denominators 


J* f Ans. i 1 5* 

?» ■fe) iS' 

11 7 7 4< 90 8 4 70 

4> T5> II T2CO Tifl> Tiff* 

2 1 7 a 4,1 14 

ft 0 Tff» IT • 

9 n,tft Z nfK*- 4 f 1D3 

i : » «'“* ? 7 5W * 

4 12 1 £, V- 

sVr a "^ t j- 

fi f 7 iO 1 

7±‘7» 2TT T7* 

H 4 4S 4-J', 

TiE* 'ibT* iji' 


Addition* 


Required the sums of 


4 

2 t 

5* 3 

* r 
•J * $ 


TTj iVj T 7 T • — !• 


it it a* : 
n ii i 

-J* is* T> 


2. 


vrW 2 f «y is; 



’ of 10, } nj 1j, «/,J * of 11.... 


7^4, 274 2 

319 s *. 

11} 

, ...9uU 

7162}, and j of 5 81-6} 


IC05, 2000£, J7(.« 

386ciJ. 


«*•*#**.! 

t v H- 

;■?, 111,7.. iou T v ? , i7=. 

30!-^, illl T ' r . 
Vit ;ri?* toJ-js* 

& -..X'-tf* K tk-ASi, 


> 



ADDITIONAL EXAMPLES* 


37 

f 



3 

Subtraction. 


j?*i[uired the differences 



b b 

'ri» TJ 

J9, 9A 

lf) rr* ^tt 

‘9 i 6 r> Vr 

1 I 

J 

1 Z 

~i> j 

-?• i 

b i 

70 r T ' » 

Ti4/» TI* 

JOOOf, 100f« A. 

IQ-h and i of 10 i 

■J of 8 t and ; of 7 

\of\o t and*, of ft 

10, and of 10 

10u00 and 999^. 
lcs°G<™d 1‘ 


Arts. f. 

i- 

b 

•■‘lOrr* 

9iV 

I- 

I* 

A* 

.t 


»*• 


Multiplication. 


? squired the products 


of I, 


..Am, 


i. 3J, 14 ftx- 


f Of b ond \°fl 

3| 

20, 10i, ? f 5. 

A- * 

2 -'> A 


,.*70. 


c. 

22 A 

2], 4|, £, «, and \ of l v .25* 

] 0/ 20, 3 0/30*.* ■»% 

^ flKrf 74 1 3 1 J .tjfcjfcM.. ...49*i*i 

4, ■}, 56427 «.£*, .19*04. 

6461 2*1, 64J * 

«*f72, 1000J .,,846*1401 

83So t ' t , 10 




Arithmetic, 



&140J, 101* ^f«f.649221f|. 

S' ft’ ~!t‘ a,a ^ i*. 

4>h> 5-$, and 1000. 

$734-1, ,00 » 14921. 
l~rrt A' f-f. 
f* i» f' *« *> <snd 5040. 


Division. 


Dtoiserf. Dividends. 

Quotients. 

b 

« 


b 

it 



« T 

r 

TT* ' * ° 


-H» 

I 

?9. 



if. 


1 

V M " 

9 


6 

i r> 


ir 



1 

?■ 

■a 

± 

S 

* ’ <J* 

3f' 

12].. . . 

« r 

‘ i" 


10 

M. 

10, 

5. . . . . 

j 

: +• 

37065], 

M7 U* 1 • • 

■ • ■ * • • • t. 

T 

'MO \ 

’. . . i *j 7 , 




421^ 7 

'Jim • . .. 

>1 . 

^ o/ JO 

,:ui . ... 

» ’ r 


" °/ 6 

» j 


*<>/[* 

-J- 


K'or-r- 


7, 

4 nil 1-Jg 



Dhido tlu?di A 

rein t* ijI 0 * mi'l 

]b} th: sum .... 1 ^ 


ISfiO,'* by oio» ■. 
tsJbi * ' f J" 

4**1* V' A- 

4870107 \'i by *'• 

* lOOOMriy** TX', t 

s V5rii!30f|4y 1101^. 



ADDITIONAL examples. 


**•*. Addition of Decimals , 
Required the sums of 
2‘KHOl -f *04 <» -+- 2? 1-7 + 27 9 


47 1 h cr. l 4- • 004 -f- 1000 

0 9 4- -01 4* 022 -h -Ojo -f 00796 + -00404 



Arts. 281*6561. 
.... 1536-1004. 

1. 


\\ hat i'* the mi .i of 

1 /.«//», ‘1° Jutndu ft's, 4 6 thru width?, 

2 J9 /t// tfu'U'Mith! 7ft C ? / «/i'0 « c/ thousandths, 

709 mdao.uk* , an 1 7 ‘J famine! millionths? 

Ans.l'3Z\2 e 269S. 

Si t tract ion • 

Require. 1 (.hi d,if * mcis 


of ■ :0 1 J ‘J i yf/'f. ‘29 U 

2*101 I’M 1*9729. 

2u<>M- 3. 1! 9‘9. 

*001 \ 0-999. 

100 -'■) . 19 - 01 . 

2»VOl 20-1 

•005 500 

1000 *0000 1 


13 thousandths and 13 millionths- 
1 and 1 hundred thousandth* 


Multiplication* 

Required the products 

ol 4 01 ;<nd *24 -^rj. -9624* 


•112 

*0011 

4-4 

•042 

•i > 

21 

* 00224 * 

4.4 

1 ( ** 36 . 

2400 




100 

10000 

716800 

5*91 (> 


5 * 42 (j 

r » 4?60 

•0009705625 


22*22 

6 25 and 11*4 


5000 

•0001 


6000 

• * 

*00006 

*. * 

1000 

•001 


4*096 

*214140625 



3- 125, $*048, and 15625 „ 

64, 6-4, atul 5 36376953125,/^/' 
VOL.JW, ' T#**- 



arithmetics 


so* 



f ’ 

Division . 



. Divisors. Dividends. Quotients, 

•04 *004-18 *112. 

4*01 1 9248 *48. 

*0082 *1722 21- 

8 8 38-72 4 t. 

2400 J00 8 f Jfc *042. 

5*426 54260^ 10000- 

2500 -0412 'OJOQ|648* 

10000 7410 01 *741001* 

100 *62 •00o2. 

*125 ICO 800. 

700 2 'Jj *0032 1 42857 &C* 

3510 23*1 , •{)*» /Ii&r. 

25J00 46214 72 1*j8S13&C. 


1000 .07400 

64 6111 

4200 56126 , , . . • 

2S8 *3 *-■)(> 

•288 31)6 . . . . . 

*00288 345600 

2800 *003150 . . . . 

02 S 8 -3 436 

•125 1 0000 

10000 *125 ........ 


Divide the sum of *375 ami *0625 by their cliff* renre* 
Di\J(ie 1400 bj *001053125* 


Reduce to decimals 

tie fractious \ ^ nu *3333 kc. 




ADDITIONAL EXAMPLES 


T&o j 3 ^ 0 <?» Vx.S nrivs* 


•336376933125,. 
S' 625* 


Duodecimals . 

y. in. y tii. 

7 a by 4 8 A?i* t 35 jyi/tfre y&L 

9 10 by 8 11 87 sq. /; 9$ sq. in. 

liy 17 4} ill lf.2in.3y. $ 

* or 5 1 1 jy. /! 27 £ ,ry. m, 
or 5 1 1 jy. 7^/. 

/itf. i/i. 

If the length and bieadth of a boardijfc 7 8, and 13 what is^the con- 
tent lU square feel ? 


f \ lie paiU of l lie Eeeliojj of a lidd-work being 

/. 7>i f. in 
12 4 X 2 6 

3 3X3 h) 

in S X JO 4 

4 5 X 0* 2 

3 7 X 2 J# 

h^-Miv'd tii.. Pilule mr.iliv-i ol s.p* ,r<* feel* 


• 8 


/#//*. 'J5 3* J. 


Jlcdtic fion* 

tv deep 4 .Mo pence. 

U-umW Lirililiu;? to pounds, &c. 
j. i«) IP 10] to fallings. # 

^ to fcii things 

peine to pounds, &c- 
‘‘01 guineas lo ponce 
4 *. to pence. 

* y i( to the denominAifln (or fraction), of a 

Wiui {4 of a pound 1 
} l<fc|othe fraction of a pound, 
i A the h action of> waund. 


^W5. 22I2S0. 
41041 13 '1. 
Arts* I 1 * i "5. 
Arts. 2310. 
43088 1 11. 
Ant 667 S. 
*#/w. 4 



ARITJlrtK'l If. 




3{d. to th ‘ ' arlinn of a shilbniT „ *' 

10j. 0{d. to the denomination (or fraction) of a pound* 

A\s [ n \. 

JC I to the fraction of a jii'iium. An*. *?• 

7 fei things to the fracliu.i « i a 'dii'ding. Ans. 

£> of a guinea to shilling,, &; . An*. I i f- &/. 

£-£-% to the cleiionimaLiuii (oi lr ( Lion) of .t sdnl'ieR. 

-I us. }. 

^ of a crown to the fraction of a "uiiv\i, *n\. £ im 

\ a guinea to the Iraclion o I a p r nnd. A/is.J^. 

5v. Qjd. to the fraction ot h \ II a •"iinc.t ^ v 

•yoCfyd, to the fraction of a diilhn*. 

What part of a guinea is r - 7 lT of a pound > 

AVJiat is the value of of a 


He ine ; «£2 ll ‘37,> to fai Lh!ti «. hti. 98200. 

.£•767 to pence. A.n is PC'S. 

£•91 to shilling,, &t. A"', liu. >\d 

42'75 shillings to pound; Aus. J.2 I 37 j. 

•38^ to the tlcii'juiiij.'itioii v os de .m I) -*f a p nmd. 

A is. 8cr. 

'OJ It/. In the dec un .1 of a I./ 1 i.g A n *0 j2. 

“’m. to the dei mul of n pn .n’. Am *0 1 2j. 

>7 > Lull'in^. to the d, <. mi.il uf j .enind. Atn. ; ». 

*„*» 7 V/. to the di < »inal oi .» _» i.e > - 1 C » 

j: ot a pound and f of a -lui.. : l<« lir j decimal oi a prund 

♦ f». 

1H. lO^rf to the de< iinal of a round. Ant \V'„70?3J &c. 
•'M5S r *of a shilling IoiIi-mI- um.il ot a pound. 

“03f> of a penny to tin i\»i i«*i tl ot a s idling. 

of a guiiie.i to the dc» nml ot a pound. 

"..032 of a penny to the u> eimal ot ucioaii. 

At It. Z\d per day each man, what i-> the whole pay of 477 men for 
36’ 7 days? 

Am. .£10337 y 8 l t 

A debt of.fPJ) tdr. was di^cfraiged with an co/m) mreber of l guineas 
crowns, V crowns; query the number* 

weight, to grains- ( Ans r 4^,400. 

to pounds \ r c*. A ‘is. 3340. $6* \5dat. 

■ ' 1 V ' u * ''»n of i /A # Aut. 7 * 



additional EXAMPLES. ' 

* 

Reduce tV*. topr fus Arts. 338#. 

3’ 1 75/0. to cnny weights. /frw 762. 

•jj/f. m. om'cis, & , -4«f. 6oz \2dtvts. 

13 12 Mh'ts to tin-* decimal of a lb. Ans. *063020833 &c. 


The full in eight of a half-ciown is Ddwts- lojgr. then hosv many are 

a ib troy? 


Ans, 24 7 J* 


Reduce yju (jpolh weight) to ounces, &c. Arts. 3oz. 3dr, lfic. 
1 ton to drams, avmulufoisc weight. ^ns. 373440. 

£577 It:: to lop?, Ac. Ails. U. I Gcwt. 78/A 11 oz, 

V2\ <!i oils to i lie fraction of a lb. Ans. J*. 

50 lb. *.>*. to tfrp li action oi a c&t. Am, -j\- 

•h h'L't to IL\. At Ans. 93 //>, 3 2^s. 

3/A Jos, to the ilet inial of a cwt. Ans . 04687 3. 


A (i hie foot < f < .1 Iron heme; IfrlM. aunnlnpoi ,r 9 then how many 
cciL't. feel me contained in ad.’ poi-nder whose wc.ght** Mart? 

• Ans, 13^. 


Suppose CO 000 foot \ c; % c < h man having 20 winds of cartridge 
with hall ; no v if i lie h .Ms .in 1 a»i < once eat Ii, and the ig'it of powder * 
ol the ball ; what a ill-- 'vhoio we.ght of lead, aim of jjouiIit ? 


Aits, 


f. c. lh. 
s H J 2 1. 
i 2 13 30 


lend. 

I jo kV’dcr. 


lit. ' . v»\ ( i /. • , 5 and ib. h.dd*, 

zuuiibci, < be ‘ion a lo.i ol ic „cJ * 


and oi cash an equal 
Ans* 1280 of cads. 


lluJure 7 \ nides lo ^auh, c. AtVm I290G^</j. 2f. 

Suit feet to mile'., Ac. Am. \0nt, 1 1 \4yds. 

MW0 inches to yauK Ans. 2772. 

7 uilIrs to the denomination, or ir.icf.on of a yard. 

Ans. -/ 

* oi a yau! to fed, Ac. Am, 2/ H//i. 

j oi :.n in. h to the trm fo^i flf a foot. Ans 

5 * ii.4 hi s to the fiai t.on of a foot. 

feet to the frac lion ol a yard. 

-j^i a mile to the fraction of yards. 

100 yarife lo the fraction of a mile. 
w74- feet lo inchest 




ARITHMETIC 


- 1 13$ feet to yards. j 

What is the value of of a mile? r > 

of } of a fathom? 
of of a loot ? 

Reduce 7 j- fathoms to the fraction of a mile. 

7-f feet to the fraction ot a pole. 

7-f poles or perches to feet. 

7-f inches to the fraction of a fathom. 

-64 of a mile to yards, &c. Arts, \\26yds. \f. 2M*V 

•1*25 of a foot to inches. An 1 r . 

J0*56 miles to feet. 5575C i 

429-35 fathoms to feet. Arts. 

•8 j”> of a foot to the decimal of a yaid. Aits. *285, 

l>-8* feet to the decimal of a yard. Ans. 9 Itfft &c. 

-0095 of a foot to the decimal of an inch. Ans. ’J 14. 

10 J inches to the decimal of a foot. 

An. •8y , i83 1 

\f. 3 !///• to t lie decimal of a yard. A /^- *7 t>JSb 

•0744-13 of if fathom to the decimal of a fou . 

•01336 of an in« h to tht de* nnzil ol a foot. 

•07 1118 of a loot to the decimal of a fathom. 

■017 of a mile to poles 

•307«» of an m« h to t ! .e decimal of a ' aid. 


What is the wihm 


0u.’5 of a milter 
7.3uJ ol a pole? 

■ eta ot a fathom? 
•IJ* uf a y ar.i? 

35 of a loot ? 


Reduce L000 toisc* to f.»1 horns ' An 10i \ 7 

1000 tathomsto toisn An 93^ &e 

4^ English mdoa to toiws. Am 5715*09 &.<* 

5)000 Kli> lihind feet to vaids Arif 3099. 

^ 10 German limes (15 10 a degree) to English miles. 
s Ans 4(>£, neatly 

-* f i * 

The- circumference of the earth being 3C0 decrees, and each degree 
number of y urds ? 

of a horse is?| feet; then how 



ADDITION A'1 ; ’KXAWPLE$. 

If* ^jbot march 05 pacer of feet each in a minute ; what 

is the rate per bout 4 ? 

* . Ans \m l490^ir 4 

What is the extent of a front consisting of ^m ’n, allowing 22 in; 
ches pet man ? 

Am. G\yds. 4 in. 

flow many palisades will surround a square fort whose side is 150 yards, 
t f ie eenUe* of the palisades being 10 inches asunder ?-*> 

A ns- 2 1 CO. 


If I observe the flash from a cannon, and 6 seconds after hear the 
report, what i» its distance; the velocity of sound being 1100 feet per 
second f 

Arts. 2200 yds* 


Reduce 74 £ square feet to inches. 

100-^ T s iiiaie yards to feet. 

64212 square inches to feet. 

11*)/ lOjtt (stjuaie) to yards. 

56 sq in to the fraction of a square foot, 
8 j fit a toot square to inches. 

7 1 8 feet s<j. to the decimal of a yard* 
59290 square yards to acres- 
784 6729 square links to acres. 

W hat is the value of -J of a square foot ? 

'85 of a square yard i 
■755 of an acre? 

•755 of a square*p !<■? 


.rfOT.10783* 
Ans.30Q%„ 
Arts . *45J4. 
Am. 13 
Am. 

Am. 122'4. 
Am. *8311 &c. 

Am. \*2\. 
Ans. 7846729- 


4-'C ' 

Reduce HI* square inches to the fraction of a y ard square.* 

■ 1296 of an inch square, to the decimal of a yard square. 


It educe 140£ cubic yauls to feet. 

56 ot a cubic foot to inches. 

9S46/1 980tw, (cub.) to yards, 
too bushels (dry mem.) to pint9. 

4] qti inters to gallons. ^ ^ 

;.'9C 0 [mm ks to quarters. 

If 1 horse is a -.lowed If pecks of corn in 2 days, 
will serve 70ftojreifs 39 weefe * 


Am. 3800$. 
Am. 967*68. 


Ans. 6400# 
Ans 277-J. 




ARITHMETIC, 


"4* 

Reduce 7J hogsheads (beer mens.) to pints. * 

64237 gallons to barrels. 

How many hogshead** df beer will serve a garrison of 1350 men for 
0 7§ weeks, allowing each man I \ pints per da} 5 

A ns 2559A. GO \gall- 


Reduce 2 T r t , hours tostcond* An\. 'J~ 1?0- 

^ r ofdiii» . to th»- fraction of an hour A»s ,1-.. 

OGafl? bh 4*8yjf. jo ^ (the solar \ Car; to second- 

An 31 

79f> degrtis of a r\r, h* to rn'imte-i A us 4 .7 n. 

L'j seconds to the deem 'dot a dt ,'ec A?-\ OjiPiJ &c* 
What is the \alueof -0fi25 ol a degi* e 0 

of (725 ot a inimiie of a de^u.'? 
of 44- of a j: !ioii» t 


A r . B. 60 seconds make a minute, and 6 j ir.w a degree 


a,\ 


* 


Compound Addition . 


1. Suppose a debt is discharged in 6 weeVs, after the fo'Inw iifer 
ncr, namely. ZL i7v. 7 pi. I'u first week, twite that sum im s.mvrf^ threr? 
times that ^uin the thrJ, tom times thlsum the/.* ifh , li.ne? that 

ium the Jijlh, and sly Uiks that sum the sixth ; wh it was the acid ? 

-w, — esi 10 6]. 


2- What is the whole amount 
of 41 guineas, 

37 half guineas, 

^21, 


19 crowns, 

33 half-crowns, 

10J dollais, at li. 2W i ach, 

,147 gold iiiohtirs, at It IZi.Z'd each, 

191 sicct^^pees, ai2* eac h } 

\ * ^ Anw 3o 14 0 s, Id* 2 /$qrs. 



sum of iO/. l->.— 1JA— 31. Ss.l^dL— and 17i 6{d,t 

Arts. li/. 3s, 

pum of 3-7G/.— 21/. 16*44?.— and 1 Ds iq$2</. 

31/. IN Gd 



-■wKr 




ADPttf^KAL EXAMPLES. 

34 # '!• * 

whole weight of t£1)$if$efs o r gunpowder, three* 
iadi, four 93/6* 9jox. each, and the other five 101/6* 

* An* 1 Octet. 5/6. IS ox„ 

/ 

9 H „ ^fT ' r *’ ' • 

► 6. Suppose the supeificial contents of the 4§refal parts of the section 

a field-work 

/. itu 

arc 79 St t 

47 lJI 

49 67 T% 

(>'/■ S 

# 100 61> 

19 13 

30 31- 

What is the content iti square ) ards ? *i >. * 

v A ns. 

7. A field was measured in thr^^rvisions ; the first contained lac. 
14$4$/tf>/- the second 5ac. Sc/r. 4300 links, and the third iQBityybtrdt \ ac- 
quired the whole content > ^ 

A is. 1 3ac, ; 

9 8, If the cubic contents of the ditch sun ounding an in egular pentan- 
gular work 

^ feet in * 

are 36901 614 

277‘>0 1700 
23761 49 

3)64-9 Jo06 
31031 913 

What are the cubic yards? 

, ’ Ans . 


Compound Sul traction. 

\ What s the difference of 3 guineas, and 3 timtsfl 17*. 10|rf> 

Ans 9s. 3J(/. 

2. Suppose a person owed 1 17 guineas, what woufd'fc be indebted 
aft«r pacing the following sums : v - 

£ s * d. 
was. 40 17 64 

16 12 II* 

10 5 PJ 

* ¥•> 5 J9 14 

0 u n 


v/ VOL XI* 







ARITHMETICS 




If the discount on SO/, is f£ 4 j. on 100/. 1 
l|yrj.— on 200/. is 2/. iU*4|d.— *and on 90/. is 17s. 11 
tvhole did erence or suir^lO bq$k>ecelved ? 



wfet is the 




Ans 4 63/ \6s.7d Z^qrs. 

* 

4. If the quantity of provisions in a garrison is 1 1 1 tort* \2cwt. how much 
would be left at the expiration of 7 weeks, supposing the weekly consump- 
tion to be 12/on. 13a*/. \qr » 2\lb lor, ? 

. A ns. 22(cn. llcwt, 3qr. 17 lb. 1 5oz. 


£ 5. If threfc pieces whose length* are 4/ 10*6ih — 2/ 7’7/fi — and \f. 

I 5*S^n. be cut from a plank whoje length is 4yds. \f 9 [in. how, long is the 
remainder ? 

Ans. lyd. If 9 tin. 


6. Fnm a piece of ground contain^ £ 3ac 4 \pol. a part equal to 1050 
square yards was marked off fora surrounding ditch. Required the con- 
tent of the innerfpaco ? 

Ans Zac. 1 29\Z' x pol. 

% . 

7. Three hotheads and an half of liquor, wine measure, being 

poured into a vessel whose uibic capacity was \yd. If. \3m.\ what re- 
mained empty > ^ 

Ans. 4f 917 yn. 


Compound Multiplication and Division . 


1 . When oats are at 3? 1 rrf. per bushel, what is that per quarter > 

Am 1/ J 1 s (,d 

5. AVh.it must be guon for .0 sacks of barley at 1/ 7i 7 \d per 
pack ? 

Ans. 13/ 1 Gs 5[d 

3 At 9s. IQjd- per budn.1, what is that per load of 4 0 bushels? 

Ans 1 91. 15 j . 

4.^ At Is OJrf- p Gr lb. what cost 16 "barrels of gunpowder, each weigh- 


Ans. 76/. 10s # 


5- yards of cloth at 4s. per yzrdf 


Am. 61 8. 8j£c?. 






ADDITIONAL EXAMPLES, 

^ * 

per Hu what k that per hundred weight? 

^ , itffll* 6/f 1 1 S._8d. 



7. At 3* 7 |d. per day what is that per 365 days? 

^ 1l5m i5r * ** 4 ^ 

S. What is the expense per annum, or fdfrSSS days, of a regiment of 
cavalry, according to the following statement : 


£ s. d. 



Colonel 

1 

25 

0 , daily pay. 

2 

Lieutenant Colonels each 1 

4i 

9 + 

2 

Majors 

. each 1 

0 

6 * 

1 

Captains 

. each 0 

15 

% 


Captain Lieutenant 

o 0 

0 

10 

Lieutenants 

each 0 

9 

0 

;o 

Cornets 

each 0 

8 

0 


Adjutant 

0 

5 

0 


Chaplain 


6 

8i 


Surgeon 


6 

H 

2 

Surgeon^ Mates .... 

each 0 

3 

6i 


Paymaster 

0 

15 

6i 

10 

Quarter Masters 

each 0 

5 

6 


Seijeanl Major 

0 

2 

n 

<0 

Serjeants 

each 0 

2 

2 


Ti umpet Major 


£} 

21 

9 

Trumjietcis 

each Q 

1 

1 


Corporals 

each 0 

1 

7 r 

709 

Privates 

each 0 

1 

3 

CijP.ing. 


■ 




SVi < , d \j j? ,r 

0 

‘ 

tj per day. , 

*0 

S/gi-mts ..... 

ach 0 

i i 

6 


Ti u.i>pei Major 

0 

0 

C 

9 

Trumpeters 

each 0 

0 

4 

40 

Corporals 

each 0 

0 

4 

7 09 

Puvatcs , 

each 0 

0 

4 

Arms and Appointments . 





'vrjeant Major 

■* 0 

1 

2\ per day. 

40 

Serjeants 

. each 0 

1 

24 


Ti unipet Major 


1 

0 

9 

Trumpeters 

, each 0 

1 

0 

40 

Corporals 

. each 0 

1 

2f It 

709 

Private^ 

each 0 

1 

n 



T 4&L 





Ufa 


arithmetic. 

t 


Forage . 


87 Officer’s Horses oath 0 1 pet day. Vv 

S00 Troop Horses each 0 2 Jj \ 

„ *' Jim. j£« 17 iT 2 17 

«V‘ 

• .*£’ 

9. What is the annual e&pensr, 01 foi *03 d.us, of a regiment oi 
foot, consisting of 10 companies ; accoidiug to ihe lolloping statement 1 




<£ 

c 

d 


Colonel 

1 

r* 

h duiJj pa:, 

ry 

Lieutenant Colonels 

.. ca> h 0 

\ r , 

n 

2 

M.ijois 

each 0 

1 t 

1 

7 

Captains m ... 

. each 0 

O 

j 


Smgeon 

0 

O 

3 


Assistant Surgeon .... 

0 

5 

0 

10 

Lieutenants 

,. each 0 

:> 

s 


Quarter Master 

0 

;> 

c, 

10 

Ensigps 

.. each 0 

4 

s 


Adjutant .. . 

, 0 

7 

0 

A* 

Paymaster 

0 

1 1 

0 

40 

Serjeants 

. Cl. <7. 0 

j 


40 

Corjtoi.ii 

each 0 

i 

■ 4 . 

10 

Drummer'. . . , 

.. each 0 

1 

1 \ 

910 

PllVJllfS 

. . LJ‘h 0 

1 

0 

Clothing. 
' Hi 

S^ijejnls ... . . . 

. e <* 

»' 

3 p)> ) dr ’ 

V 

40 

''orpi ,,a * s 

_ ners 

.. c</< h 0 

CJC il ( 1 

0 

0 

1 

4 

10 

DruRk. 

e. 0 

0 

t 


Privates . 





Arms and Apt>("nfvn* , 

40 Seijeants 

40 C’oipoiah . , • «■ 

10 Dnimmers # ' 7? 

010 Privates *v 

«. 1 


rl, It ij l {•' d , 

• 00 1 
0 0 1 
n 1 » 

1 ' 

J: ?\ -;J| 1 


10. 


I. 25 J quarters d oiL, at . ' r '» r • /*■ 


iait ,j s ? 


■MHfc 


£ftl. AS 

■ 




SO* Of. 0;a. 

\, ^hal rest 

/Ins 1 U. 15-n 1 i d. 



ADDITIONAL EXAMPLES* 


24f 


5 ?# At 2L lit.- 7-^- per hundred weight, what cost ? 

Am ZiL 30i. M. 

23. Wliat cost f3 \Ib. of powdei at U per%. ? 

Ans. At. 13j. 5d ] £ qrsm 

M. What is the neat weight of 3 S barrels of gunpowder, the gross 
v eight ot each hong VGlb. M U7. and that of each empty band §lb. 7 uz. f 

Am. 3 One/. 10 cj3. 


1 j. What is the weight of 11 guineas, each being Sdwts. 9$gr. f 

Am. 1 1 oz. \ldwts. iOgr. 

1G. What is the whole length of JG plank*, each being 5yds. 2/. ^’7 in. ? 

An s. 1 30yds. 2 f. 2’2 lu, 


T 7. How* man j square yards are cont lined in 17 hoards, each being 
SO/. 57*S m? 

Am. S5y. 2f. I18'6r/f, 


IS If 1 man can dig C^h. 13/ cub e measuic in a day, how m 
would 37 men dig in 3 da}s? 

Am. 1 lOS^cfo 


'■> Ifow imny hog heads of be Jr in *7 V'ioI , each barrel containing 
1 yaiL "i pint* ? Am. 3C )hd\ VJgulU \{>, 


. * Jl oils aie V»y >d jn' quni ter, what i& that p*r bi'shd * 

A>i*. ‘Is. lljff 

2\. W rn ■: „> , it ho / *• r < h.iVion. .it is the price of a b«i h< I- 

An>$. h. 2d. 3 ’ »;ri 

23. II ino v i.^ *.e y q » ! ICO iw n 1 f 1 1/ 1 1 s 3d. for a week, wnat r 
,>c .luih ;m\ ol cut Iif 

Am* h. 2\d, 

23. 1> I p'>e i i j74 for 23 } ard-* ot <_loi\ bans that per jam > 

Ans. 3s 10 d ‘2/\*jn 

21. If I’f ■ p'lnpfKiJei ce«t 3J. 1 \d what lslhal per lb. 

If 3\cwl. cost 2 21. tV 2d. *v;nt is that pel Ih. f ^ 


id. 


? -a o 


jins- Is. 0J4i 



Ilf ABITKacfftC. 

26* If the 1 weekly expen dilqjn^of provisions in a garrisojftbe 4 ton 17 etui. 
50 lb. what is Ihalpcr day? 

A ns. \3cwt. 10 3\lb. 

27. If the ground for a fort contains 27 ac. 2'^ [put* and i is maikcd ojT 
for' the surrounding ditch* wfiat is the content of the remainder > 

Am, 21 ac. 1 19 Jpo/. 

28- If 8i men dig 202 i yds. 1 <?/. cubic measure, in (J days, what is that 
per day for each man 1 

A us. .> yds. -I}/- 

29. Required the calibre, or diameter, of :i cannon-ball, when \t is , r - 
of the length of the bore, supposing the bore to be 7 J. 1 1 *6 in. f 

Arts. 3*9833 &c. inches. 


r 

*■ 

K 


Aliquot • Parts • 

1- Required the product of 633 and 2 \ 5 

2. Required the product of 5167 and 3J? 

3. What is the product of 101657 and 21* ? 

4. What is the pro.iu' t of 553 am" 7^ > 

5. ' WJial i: the product of PH 1 67 by \ n ^ > 

6* Required the product ol C \ \i 1 i I and 1 10 T ' ? 


Ans* 1707 J. 
Am. 17767^* 
Am. 2J762*9j. 

4 

A ns. 4239j- 
Am. I 922137 fo 


Am. 

7, What it the pro ln<l of 1 > ' i*id * 

Am. 131 2J. 

6. Required thepio-ie » v*t ' >.} and 4 ' 1 } 

Arts. 663560-|« 

9 * RtquiieJ the product of b \f. 1>\ 7 f. 

4 | Anu 630 feet square, 

n 

10. Let 3 6/. Qin. be multiplied by 10;/.'.? 

■ ‘ t j . Product 30 square. 

, . ** ' 

j § 

11. Abatis tte«*pense o»' digging a ditch 511 jardslong, at is. 7{d. 
feryzt^t . 


4ns. 113.'.3j, i{d. 



ADDIXjii^ l&gTLZS. 


U* 


Rules of Proportion, 

I. Required a 3d. piopoitioual to 21 and 39 ? 

i'> * 

+ i 

£ to *16 and*'&tl ? 


./fwr. 72J. 


Attp 


3 to ^ and isj? 


4. Required a 4///. proportional to 2£, 19^, and 'Oil 


1 ? 


5. 


to t 7 x , -?£, and ^1} ? 


Am. >0$769. 


Am. 


G to 1-73, S*J 1. and *093 ? 

Am. 


7. Divide 1 into tuo parts having tin: ratio of J to 


Ans. 


8. Let 10 be divided into tinee jiarts that shall have the same propor* 
lions as the tinee diurnal^ M, 0), and ‘00^ \ 

Am. 

9. Ifgunpowdu h. [/. lor. id per art. what cost 17 cut 2<y r. \Ub * 

Ans, 

10. \VIu-K n.it ne I/. 17v. S ,/ per quiMci, what <ost 17 qr. 3 bmh. 
3 peeks f 

, Ans. 

1 1. \\ hat will ; t'M. of qunpow di r come to at ttie rate of 7 lb. for Gr. ? 

Ans. 1 6 guineas. 

12. I 1 Gtzei. 3qr m ld/A. ol load coat I7f. If>$ McL how much will 2toru 
17 pc*/. come u. } 

Ans, AUl. 1 9 s'. 2d. 

13. Jj'wie clothing of GOO men cost 1288/. 13*. what will he the ex- 
pense of cichLic. f aiegimcnt consisting oj 911 men ? 

Ans. 105^ 15** 0[d. 


14. If a bankrupt owes 74 0/. § JS?. and his w hole property junpunts to 

i is creditors* 

4hs. 8s. 4d sm sV*jj^ 


HO more than 2 lu/. 12s- wJiat can l>e pa} per X to his creditors* X# 





ARiTH 


15. When a persof^imi 
his daily expenses in order to I; 


0 I**y 5<JI 


W' 


3 13/. I Or. 3d, what should be 

5 <f>y.ar> 

Ahs, JCj 1 a. 


I 0. \\ Ji.it w 1J the tax on 529/. JOj amount to at Cs, * J f in the pound * 

, r • ' 5 ^ JfS 6 5/- I ~s S '</ 

. 

IT. If the average step of ^Jiorse ho 2J feet, and t'ut of a man 2* 
fuL't, tlie#i how many men spates are equal to40ol a hoi .e> 

' ,f * A -/» :t 


18. Jf a garrison of 860 men h.n e pro* e ions for C70 days, hov I< r *: 
will iliOb»* pJoMjions L'Mif the g.im^un he ivd.ued to >14 men ? 

A ns, 360 tinj , 

IP Two bundled and forty men Jia\ my j.iisorl a rrrl'iin work in S ilajs ' 
how many men would Le non^ary to Wnsh i ’’ki. quantity ol work ju LT 

tl.I \ b > 

Ant'OC 

20 If 720 men v !ih ] rf .n roluirm of nr.i ’ii with *< men u- front, 
extend 21(7 paces; wb«.t will be tin rvhiu d t 1 j« v man h D men »n tiont? 

Ar.s. 1 1*2 pace , 

n ]. If a certain numbci oi woikmen « i 1 * no* 1 up .in cnhei vi me. if ir» 
iO (hit s \\!ien tli« J d.i} I" (7 J.oiiL" loiiM ; mvii.it f inc would tin \ do 
Ui* tlay m S Ii*. lit' long 5 

Jr , 7 \ da if'. 

22. Ii the mini -.on of a hoMegt d pi e r have ; w v,s i.n^ iui 12 peels', a? 
Iht ia*c ol !h ounces per d.i\ loi ( acli m.iii , wiut mml be tin alhjwano 
ij they intend to hold out lt> u< iks 5 

Wm I ■ ' , 

Hi 

23. What length must be rut ' h a ho ad tint is M' irci.i . \mlr U 
make a loot square? 

Ahs, o ' t} imehc 

21. H'nv uu ny yards of p.spc. w lm h is 2 fei t wide, will ham* a room 
that 1 ' r, v ardb lung, hioad, mu s; feet high 5 

A ns. yarth, 

« « 

25, Ifthepenn) loaf \u ighs Olox. wlv n wheat is IC\y 6d pci bushel; 
ivhat should tt weigh when die w lit at is 1 jh 1 Or/ the budmp 

'•U A ns, b on, 

26. If a gauisbif of 800 mea have prousnps for 12 weeU at the late of 



ADDITIONAL examples. 145 

?0 ounces a day for each man . what mustbe the allowance to make those 
piownom last 20 weeks it theganbon is reduced to 700 men ? 

Anu 1 3 Jos, 

27- If tin* i\w irtity of provisions m a garrison serve 1200 men <24 
vu ks, .ti the rate ot 20 ounces a day ioi each man; how man) men will 
the unit prousions maintain IS weeks, allowing each man 16 ounces a 
J. } ' 

Auu 2000. 


2S- If 840 men require 3880 rations of bread for a week, how many 
will 2520 me» requne Ioi 7 weeks? 


An*. J234S 0* 


20 In (lie i.iUuKie of London, the distance round the earth on the 
miallcl o ! * intude .s neai 1 ’ * r * mile*. ; now as the earth turns louncL 
mice m 2)h j .,/ lut .it what uu* per minute is the City of London 
>' arried fiom v\ c t t*j .\„ J In * ! iio. motion* 

Am 10^ SJf miles. 


30, Sv.upc.e i < h in i. l impost s a « outribuiion of 2000b on 4 towns, to 
p:id in piopoi :ion to the nuir.lvr of inhabitants contained in each; 
u\ n 'In nrsl niiit iins i .Mu .he second i *<0, the third 1630, and the 
eusji lgev, what pail nunli h town pa) ' 


AXt 


S 
r <\ oo, 
1 1 011- 

) 

. b'JO, 


ji. i d i u 'M cJ V't : 7* * , and 78 men, respective* 

■ Ui'.i^cut in.'/ a "'iii '..'ii \ Jieie ih* dui\ ^quirts 81 men a day ; how 
nan; uei'ii aJi* empa.i) luuadi in pmpuilion to ^strength ) 

Aw>. 14, 19, 22, and 26. 


3 S •.nsO'iC t.'.e lurag* on 34 rcies ol land will supply a body of 400 
h.- i £ia)s ; Isuw man) »uch acres will sene 730 horse for 7 da>s> 

Am. 10-fi, 


jj If t.« ■w'c of keeping Ip horses 5? weeks is 457b; what will the 
keep oi o8 ltoi a f . . mount to in 31 weeks at the same rate > 

Ans. 1254b; I9fy 

’ 34 Three tioop? of horse rent a held for which they pay 8(&; the first . 
vol. i. ^ U *. ;% 



116 


ARITaMS^tC. 


w? 


$cnt 56 1 oivnfor VI days; I esen.nd s«nt nl hordes for 15 days; and the 
thud sent SO horses .or 13 da)s; what must e.vch lio'ip pay > 

An s, W. 17/. 10a. 

'2d. TjL Or. 

3 d. 37/. JOa. 

37 If fhfe carriage of lOra/. of barege cost ]• U. for CO miles; 
what will the carnage oi 7 oc =f / lor 81 nuLs amount to at the same ialc* 

Ans. V2l 15,®?. 

3i>. Jf a piece of ram ns IS Flemish HU long:, and 3 yd. wide, rest 
IRr. 6 W ; what i ost another piece of the same cpiaJity winch is oJ Knghdi 
ells in length, and a yard wide? 

An\ 7/. 4s. 4 U/* 

37. Bought a silver tankard weighing 3-> T <v ovrtrdjptns at 5,?. tie 
ounce, and sold it at 5 s. 5 \d the ounce tuj, , w h.it was gamed or lost > 

-ns 10j;;A lost. 

38. Suppose 1 JasA of gunpowder at 5/. 19c pn erf.; ^[errt at 4/. J.'3r_ 
M per ctvf , ; and 2\ewt at € l . Jj. 4 d per cut. to be mixed together ; what 
h a hundred weight of the compound worth ' 

An\ \! S * . 

j i j 

39. A Gt nei.il Ii.VuvmI I if bed ] cf ln^ am-} to t de* po.assnn of two 
stiong po^U, .mmI 7 »(j men m w ti \ tin n.i'ion.nl t<, <mm\, found that 
hehadtmh f ho aims lot, \\'d* Ills vliuic fmu ' 

A ns 3‘0'S men. 

40. The ordinary Grecian 'rmy ron^ted of v,.,7 [ ; men* t),e/> //,-c or 

light armed foot were^ice Mi< iiu-iih i ni il u , ,i*.r! i » < r ’ lLt or 

heavy armed foot twice me number ot Ur iclu.n.RU the 

number of each ? 1 

A ■< v v ^c. 

Jadil ainvd s tLr’C- 
11 : «.v\ aimed lo.,S4. 

41 Th.cv soldiers A, P, C, d v, 1c Of /» c.iU \> ] -cs in t!.c f Uoving 
manner, rn. A took J oli-n n* H'iuU 3. and C },u j lm c \ci\ 1 which 
11 had ; what runibei did cich gd 5 

V,“ 

. ‘i ' 


jins. A 8 SO. 
B IpJ. 

c ifoa 



addit$ 0 H:Al. examples, 
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40. A bod v of 2V2 > troops is composed of 4 battalions; whaHs the 

strength of (vi hj i. \ 'lie in <J of the second, [ ul the thud, and ^of 
the loiifth an tvpial - *' ^ 

A nS’ 360, jkl, 720, I'oO. 

* 'Ji' - , 

<10. A parts of foot begin thmr ni'ach atBtti the morning ; two Louis 
afterwards* troop of hoi si^ loilow (lio n the same plate) : the loot 

nnrcli SO paces pa in i .Lite, and tin* how* "o ; now f a inau’a s(> p l>e '>*. 
iiet, aiul I hat ol a Imise ^ e«t; in what time will tin Lot sc o\riuke L.e 
foot; and wh.t distance w. 1 they ha\c l.ianiied J 

Ans *?/. ■?.' t ' ? run. 
i h \t . ‘J do I - J * feet - 

41. At uh it t iiie h twe: ;i i ) and 1 1 o'clock .-.lv, the ho-n end minute 
hands ol a w itch tegotmi ? 

/1/iM .•'■I -j-'j-ni i n 1 1( / 10. 

45. A pait\ of hoi ehv\e Lnndiin for Oxford -t 7* ii> the morning : and 
another nail v k.ive Oxford Jui London ai o toe same morning; the former 
march 3* mile> an h«-tir «rd tnc* lathi It ; how far will each have tra- 
velled when the} meet, the Uiatantc from Oxiord to London being 59 
nuks 5 

in, 

Ans Jo [0 from f ondon. 

it mu ('\iord. 

1C. A bank ol en h 1 * ' \ uh long was to hair been raised l>) i'» men 
lord.-}', In. I at t* c o.ul ' : » 1 1 v »>iih > \anls \w .e to. iphe d . i uw 
j, M v s>')ul.l be aLldwd to hu.ah ti • bank m tile pu*o,ed time 

t .l the s ii 4 e uU . 1 wolhle" > , * 

Ans, 10. 

17. A CL eei. 1 .dtti d» lathing ^ of his army to lake pOSBftttioh of 
height, and ol the icm i nh i KMeLonnoitic the enemy, ha&L230 men 
It'll, Wlu'l WiljilsWh'h 'cill ' 

Ans 3J*P men. 


1R. If a udiir -on of me , lu\e pro\ isions for 12 months, but «it 

*< it . ieii»h‘^cd \yth '» )c n a, and 2 months alter that 
c.ifn 10 i inn ■ , now Iona will the piousions last, supposing no alteration 
til lilt dally aihiMiimc* ol each lll.oi ; 

Ans, $\ \ month*. i& ihc uhc T e, ^ 


40 . Two labourer* A aui B if they work together can dig atren«fi»Qt 

^ . • .JZu&L 

' U 2 
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in SChcbyp; A can dig it himself in 34 days; in what time would Bdo it 
if he worked alone ? 1 „ 

A ns 48 f days* 

•ri. A can dig 32 yards dPn trench in 6 days ; Bean dip 20 yards in 

5 dajs; and C can dig 54 yards in 10 days; in whaL time would they 
finish J00 yar^S if they work together ’ 

Am. 6? s day?. 

51. If A can finish a certain number of yards of an entrenchment in 

6 days of 7 hours each, and B can do 4 tunes as much in 1 j days of 0 
hours each ; what is their comparative strength ’ 

Ans. the .strength of B is to that of A as 56 to 45. 

52. Suppose 20 men in 15 days of 8 hours each, can dig 15 cubic 
yards; hoar many cubic yards can 25 men dig in 10 days of l(T hours 
long, supposing the hardness of the ground in the loimci < .ise, is that 
in the latter* as 9 tp 1 1* and the strength of each of the 30 men is to that 
of each of the 25, as 6 to 7 7 

t * yards, 

53. If 30 men in 40 horn’s can dig 80 cubic yaid*; how many men, 
which are stronger in the proportion of 5 to J, wnuwJ it icqinit to dig 
120 \ u<is m PO houis, supposing the ground in the 1 it ter case j* hauler 
than thatjn the former, m tin* ratio 01 P to ?i 3 

Ans 18, 


54, Suppose two labouring parlies, one cr noting of 10, the other 

of 50 men, and let tjHHdffength of oath man ot tin Joiimi party be io 

that of each of. th$ fo 4 i 11 l,lt * ' I() nirn » an dig mu r ur>.r 

yajrds in 10 hours; KffSflTMt rime would the oilier partv dur iso y.uds 

’'^he'grQivnd' 10 ftyice as luid as that in tin I itf *- r • 

' **'[&. - \ I hours. 

1 ’ r ' ‘ - * • i. * 

JV. B. Tn the three hist - *u stio . the hhnur 1 n d ™ipl t a like number 
of yards^s supposed to be duectly proportion..! to the hardness of the 
ground 1 


55. A plan of raising th^ siege of <,Bq'ins\\itk, b} Prince Fe*. dun nd m 
ha^ a scale of 3u0 Rhynland roofh ; the scale is just 2 62 inches in 
lK$ plan is 18£ inches long, and 1*»J broad ; now ifit be enlarged 
to $incbcf£ i*e English mile, what will be its length and bieadth? * 4 

- ' :/ An r- 2p*S in* long. 

25 s 4in. broad* 





.EXAMPLES. 


'14#' 


5fi. A, B, and C, can dig a trertch in 4 Java; A can do it by*£ij|ipdf *■ 
in 7 days, and Bin 1 J- : in what time tvoutd^C iiiusIi jt if he worked V 

alone ? « ‘ 

- *1? 

;?* ’ . " iv 28 <%*• 

' ' * < . 

^; 2 3 4 *‘ ' 

V7. B, and C, can do a piece of work in 10 days; B/C, and D, 
in 1- d.i\s; C\ I"), and V, in 1 If day**; and D, A, and t5, in 1G davs ; 
in what time Mould cadi doit by hiimeU * 

A B C D 

" AnuMf*;, CIV* 23/*, 173;jdaj^ 


IR. Suppose a clock has three hands; aftd ti at one moves lound 
ice in a day, another on-e in 50 days, and -the thud once mSfodays; 
i nw il ihev are all tojvii,er at any particular time, how long i* it before 
they come togtdur. »a»n * 

A>:\ C!°0 days* 

5$. Divide 10 into three such parts, that when fte 1st. is multi- 
plied by 2, the 2d, hv 3, and the ? 3d- fay 4, the three products may be 
equstH r 

v , Am, 4/p 3rV, 2/p 

n\ Lot io Ik i.nidc'. 'o 4 parts ^sucl , that when they arc icspec* 
ovclv divided liv *, K and 4 l.e quoiientt shall be in the same pio- 
porticn ns t»‘, 7 % s, niid i» ' 

1- T , l T o r. i o a j 

A iu. l i f , l j jj *- ( jj ’ 


trtptdincr the in a r r/i.qf^Trobps . 

i. Il the force of a battalion he 4$0 men/ f t is ’th#^ 
extent of :ti Irani, the allow nme for each man in iirontd^^ fit 1 

\%jtct? oeo quC't. ‘J7, .ut. 10 j,) 


2. Suppose tbfe same natulion in line of two ranks ; what is the extent 
of its front? 

Ans. 4491 feet* 

% • 

3 . Io what linu would a column consisting of 7 battalions, tte extent 
of each being 3 :7 K 1 1 , inairh its own length at the ordinary rate of 75 paces 
ot<i{feet each pet minute? 

Ans. 11 , 
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4frVln what time would a column of 11 tucli battalions inarch through 

a dcfi!£ 1 \ miles lojig at the tome rate l 

r ' < \%J* v r, Ans. fiOj] nun. 

r 5. Supposing the; t#atqk fa acc6tdh4 to qu'ck ** nir or p*ccs V er 
inuuiU ; m what time Wd&ftTthc column pass though the cle^e ’ 

h. 1 JJ //ii/r. 


6. In what ii"!' 1 wool I a column of !i i-sc wIicm* f\t"n' :s 8P^ }’‘et, 

march through a tkfi c l a n .V in length,” at t «.*■ r.uc n* °0 pnu.\ per 
minute, supposing lhi a «nc.i i ■< >t. A > oi a horse ij :k J A , ' 

7. Su ■*• os** l 1 biHa T horrc r \^h$ extent »m h m bidinj *3 jKjjS^pl erec, 

being '» ) /u , li<ucU»p ^ tli-t. c H mlei i\ -^ih , i ow if'lhe cohnur 
r-in i mve . lli - iru* ot ~i j p<ftfcT( Ji , .c' . *, i,* h. ,l i’ > il<r, but the 

Ia^t ‘ n.iU .»u-g . inJ iOid 5.i wnv i fV r tr i ,.r I to earth Of i 

can nuu< li on: \ jo pjc m („’£/*./ each)?«p4i uinuu 1 , in vdiat 

column pass the deii'c 5 

; . An \\\*ifcihin. 

8. If in the fctet question the first .njgfe fa. a bad ion 1, unci the -J mile 
a good one; in what time would jfebtf tf&fBhin duk . tl.iougli the defile; 
the oilier circumstances remain jn$,tjie same 5 

, ** An' I'.V* r% miHt 


J). Suppose a ruin nn u ho » rt patent i. r 1 >03 pi r n C Y fe' f each, has 
to pass «i defile Ij * m-'es in hiiplh, ':nl ' h i i i .<n n\.ii li SO pace 1 : per 
minute in I hr Inst mik, M) m tne n *\t [ mil.\ m tin following j*. 
18I1&, ami only 45 5>theUst * mile, in what tune mil it cl**ai the defile? 

*i . *' * 

, s . , jt An\ 2h. 1 * 7 1 min. 


10. • Admit the A Ins a good rud udOO pa<c> in i. n.^tTi ; tin 

:itdumn ft « »400O jutes m U i.gl i ; and th«* colinmi C a 

bad road 3310 pOQe\ in length, I'OW i! the h d column ina»th 108, the 
secontf tblflmn 75, 'and Im thud («*liunn onK '»o r f uc\ per nunide ; how 
mu*>t the mar. h be re^ulutcd that i .c iieuds of tl e < olumns nuv umve at 

the same parallel lngt‘tf.rr ? 

-1 * A» >. A ?nn kaU^ m in, 

15 mu A ftult 1JJ ^ muu 


’ll* '#f in thela«tqur lion it is required that the Pads of the columns 
shall arrive at the sour paialkl at the «..\pn\tUon of hours ; how 


the uparcfete regulated » 


A ns. A must ha t J3 

B mjiAhaif Qfi nifh m * 
C must halt S-£ mm. r> 



** EXAMPLES* ' 

1? Sujtyb** 17 bvtaho *s t the extent o£e&ch being 320 fedffijiitife 
to ipfa 3 defile ; tVt.% i h*v tfipulcq^^ the tinted 1$ 

iritfc& in ,r *ns;th ; !. vv <i ■ ^ b mu# p^ss/tiir/^^feV^c h defile that 

th' whole march I hi on ii and what 

vml tha f t.iiie be it th* rale oi marching ’ (2$ */«/ each) per 

miiiuLe? 

in /’/ v/i / / t ’■ J /< 


. f » tU^Q» s 'b t fH'\{ 
l 2 'through the h>f c't 


th° nearest 
whole battalions. 


Atjfyjfldt? respective times wilt be £;>£', 5uVp 54* ( miiu 

^ ; i4 

tlif* M»rn ( ; it battalions hiivfc Jto pass 2 deiih's the fiist 
b < *ing't£ ? mfle- , i ."it the second 1 mile hilfofigvh; now if tin* ti oops can 
inarch Jfcg nw % f wr mmute in the first iUf*S<H and 75 in the other ; how 
x^iU|^ the h.itial.ons be dm led that t)i£ \Vhole march through tin* defiles 
fn$ybe mad j in Hit* least tune > 

/< ; J , * Any, 10 battalion* must march thtough the longest, 

^'through the shortest. 


".14/ Suppose 2? battiliorfe^t^fiflb pass 3 defd6s of o^jual extent ; the 
first admitting of 4 men to iWrch iir front, the second of 6; and' the 
thud of S; nou il tie* li ii-jib of &; battalion (including 2 field pieces) 
Vicu in column of niaicli with 4' thru m limit h» 6(10, with 6 men in 
front is 4P0, and w 111 s imn in limit is 1 10 y^/, lespu lively ; how many 
battalions mud pass i if U di Id ih, I ilu* whole match through them may 
be made in the least time . an 1 u!i it wnl that time he 1 1 t/ r defiles are 
each ‘1 ni.ies m extent, end «!u i.Vol manJung^ paces each) 

per iiunu v ” * ; , -j- , , ' *■ 

A;< (..i- : Lid : iph the - £ f>ti /rtf’} 

9 (hi oi^t -ok- 

}‘> If i? b.'ll’O’oin ln.'i: to |m«n " iK-filis, one 5'rnilSs, ti/ither i 
mile in iciu'h, ti.o lounei admitim*: 7, ami l lie latter 4 men to march 

t 

nbieast, u >pectS#eh ; no., il th* l i.L f u of .. battalion (including 2 field 
^Mbesi^to^SC# pints 1 1 e^ch whin 7 men march in fiont, and 407 

pU 1 "* when 4 r. » ’.-m/I, m Ijpu m .,*\ hrttalions must pass each 

<lcl;J' that the w/i -.V mmcb llm mj.. them may be made m the leastJUflC; 



<T*?i 



ni .wt' 7 " 


AllITJlfrj 



■ -I ' ; 

Suppose in the l*$t example, thelmarch'tlirouglvtlie iJppHest defil* 
^ atthe rate of _ p<*c^ ^ityjwte, and th*t throrgh the^t^i^i^oW 
must the batflijl^ns W the other circumstances the 

same? .. *'t ’ '*'** 

6#^pp* tow** throvgh the tqhgest 'JO-]* viirn 

' 6 . . • */z, OW^Yz 0/At,T. i> J 

1 ‘ 

1 '- Admit 1 ^ battalions of um qua) strength have to pass 3 defile/ 
one a mile, the other ]■£ miles in length, *^ch admitting otJ * .4 like 
of men to nnrch in frojit ; now it the eXtt?fet f of each of 9Jj 
column of march is 480 feet, a^Lthc extent of each 1 
fc*'t , v.hat number of baUali^s ifelst pass each dtiilc I 
tJiiough them may be perfc|ljhedin the least lime, at the j 
(2 \ just each) per mitu^ f . ) v : / s 

’ . t 

A ns 6 0 / the less batta&stif, of the greater, must ?na 

the shortest defite^ ^ 

3 rf the less and 2 of the greatm^^Mh-f^^theK '***$£ ?*^ 

.... And the time the farmer 

hrough the 




iV. B. In the foregoing questions, tttSPtnSprbf the Columns are supposed 
to enter the defies nearly at ^^M^tiine. And in inducing iect to 
paces, the nearest integer is usual^tSen. 


Inter os!. 


: /»4 



e|gtcrest of 3U‘/. 1 for 4 years at 4 per *ent. 

:$ns bit L* 8 C‘tr\ 


' '4i: Y * 

, per 'mrtMttif&M 

ii dFBTi A lbs. S<A forlijcais, at 3* per 

, 1 An t. Z t.A 4s, 

' , s 

3. is the simple Interest of 27* )/, 10s. tor 29tift 

end. per ann. f^ 

* g rf*i 

What will be the amount of 25i / 1 05- in b )yprs at 4 per «*«A. 

*»/«, simple interest ? 

c 

What i> the discount on 2G0A at 1 per cent ? 



4^^ i pJOlTlOir^L < '«AMPLES, * I5S 

^ V r, \ / • J J -^ j ' ' , 

i)> ' 6, What is t?re dh count' 'dF*fct due a yejr hence at 4 p r rent, 

* t p4r cj//a, fcj^fe interest 5 '* \ '. 

5 ' /-< w - j*t/n m. wfjt 

«' ' . if' /> **/ "> ■ : k 

7 If h;0/;i#u)W due to mn at fcta end of 14 years/ vrftat ?Uonld I 

t- f __ , , , ^ 

revive imVi * discounting the rate ot 4* per &nti "per a n h *=.*£>*- 

pic lutfiisl? r ’ 1,1 ’ 

Am.' HI/. 10a «'V 

j 4 

$. . If I receive 2tJ5/„ for&Ot)/. due 21 }ears t hence/ nhat a n I cliatgcd 
jrar te«/, per &in. discount, reckoning M.tiple intciest ?. 

f ' .Ufv. 


0. What is the pui’c! ' l5 ' of 10004 £wj£ annuities at 9 1 * per cent. * 

' * Am. m u. 5*\ 

\ 

It) WhatJ La* pel: h.i-» of 1000/* ini^l U cl ut 1 12-J pi‘» C« * 

* An .* 1 i 1 

l!. What is tin* j mourn of 3iY» 10i* in. 4 years at 4! pci tint, per jnn* 
compound irih"e?fc ? 

Am, (ill Is. 

12. V hJ is the compound* interest of 1 00/: fot 5 years at 5 p£r rmA 
*tr aun. ? ' f 

30 /. 3 s. u Pt/ 


J\*ut!r Position. 

* 

fe * 

J s' V'* ,,, *» fi *it t m<- i /• * i i si* wh.w su»n*4 arul the gne ne; ij’vi* 

i ' 1 * ’ n i I'lC npintl* 'I' t"' 

v Am. and 4£. 

2 ; o- ei *1 bavin ; d* » u hed o:o men to t'jke pmt^stdn of a strong 

post, and * uf the mt... 1 i o* .-o i*rMii»to w.trh tliQ< motioiia of the 

r»ii*m} # i nds i! it h- I»,“ ■ » > x i ot his '.’in I* : \«rliat was his whole 
loiter , k 

, # -.-f/ 74 . 101 # ».!./. * 

*3, '? • bat{*» » i ,m i‘ ji» d f'V * 0«' in ' ‘» 1 'iinn nf march; the 

f'VUtllt • 1 ' .ii st b ix 1 ' ou !» Jo / . . I ,*• tf nl tit llie s« • ond j c 

v> Oi the in ai v' third to.^ 1 .■ , - 3 t' « e\Ui*.t ol llir i\ i i.i.uuai 
to v that of the iii-‘ ’d hi'i .. . «^.il t v»Int i-. the «>u jt il.e 

cohmin/ . 

■V*VOtr I* 


Ana. IT 23 pact*. 





WSal number 


™np*xmM 




>\ ’ '"’*sr. * .$'.- v \. 

v ‘ "'. ; ' w ‘-r---W^H^:.: ; 

«• mu *%*?*- 




*. What j.th«'^ 


' Wn^^^feo971^5. 


ahky-**" ■ ""-v;v 


'■iVSS&S&w $' ? 

r>: Required " - ''•'--- . ; .... 

•' '■■' ■ ■ ^'- • '■■■ 

7, What is the of ' , a ‘ 

"3-> 


" 2* What is the square rbo{. of Ji ] s&ci ? 

V, vi 1- . *- C&j 


&‘t What is iUsfiujre root ol ^onifij 

h* ^ * ‘ , ' 






is tKfe square rpof ^ft^; decimal *0133 ? 

' " *' */ \Ans* * 133 ? 77 $# 

* - ^ - yJ r 


r/V 


F r ^ 1 * 


I 1 . KCquii'cd thete loot of 370i$05S/ V 

r y' f - • 

:~V< m 


&£& 


f'A ': 

iii 




&W. .What is the cube not of I93*l«»m • 1<* JiM 

EBL^' <‘t * ".:... * "-3C 



iicci the cubl^tol 51230158^4? 1 ‘ , 


"V V >V 

{V* ~'j+ 

I #. 


g fe, 1^ „Wa*t is ^ ctibe rooi of g$? ; \ 

Wbiti . , 


be root of 5f,® ? 


x H 



ARltHM;BT|C* 


e\ 155 ? • 

' '§*' ** *' * 

% 21 Required I lie cube root of ^ jff T ? 

„ v ; : 4 £2. W ha l it l$6 tub*: root of ’1 y 

■ ■ •' • 1 

55 What i i the cuba rtwpST't ? • ; y . 

; ™‘“ - * v \u^ ;, ;**./* ^k. ss}j. 

\ J ’ ^ -V 

' 54* Required the cube root of 16 ’ * 1 

V , mwfam 

j * r ' ' * , 

5 j. RcquiivdJ Ihe cube loot of l&sf?. v ' ' *■ f 

i ' 1 J 

Vw 'What is the rube root of the decimal *01 4 - r - <^; 

' :w * An*. *cumi 

* - '* ,, 

57, Keouiied the cube root of *000091 * 

* * / . * V’ 

' 2S, What is. the cube root of 4- l V,^ y ^ 

' **** 

20* ,The diameter of a 9tip iron ab^ts^^fenches, what it the \w*t 


of a shot d inches in diameter ? ; 

. ' .’ •* 4“, 


'AST ■ 

Skrf/w* 3Q|/& 

- - ' ' 1 ; *‘ . * '' ■'*■ d >i 

> ^ 1 J 4 

M f> It V f roved by ^rowetry, that the cubic content# <iri$d # 
qu^utly Uu* weights,) ot ■ .dar*$oIids 'aft‘ 'directly „ 

^ cubes of thi'ii like sides or ^.laiaeteri. - ■ - fyMttjjf' 

J t - 1 ‘ 30* What tfc th^diajg&etei of 3 4 8#, itap sliot ? ; J V* 

to. . ., ;; •isMKWw? : \ -*». &wi,., .. 


■f • ‘ V/yy’ ffiEBSffi,.. 5 , V 

5 1 . WM h a -St#f slfoc 


V- 8 ?-' 


j&Uu, jWj hi \. 

>l v j ^ A ; lead ball whose diameter is 4* indu i Jjffe, ^fcearlw^ 

henc# it is Tcquifed to find -.he d\iunvt< * < f arinmk« > .» *11 vrete weight* * 


JhAunccJ.^^v'^ 


-/» 'jj(? 


5J.V 



* 33. If the* depth of *4 tojrn-twjbich hdld? ' it oy 

J^nrhes; what i& the depth ot another ban'd oj sniui.i^ iIsihuSwm Vl.ulvT 
*- holdb three times that quantity ? 


v * , ■ ' ^.;4s^ 

c . ' j ' i l j i ^ ‘j 

rK \. 34* If a musket barrel wlmb r .-r^ .'j oitpee 

'Sjiam. .3 3 feetfblcn<5^5 what \voi*;d be the diniafife^;jflw^^W 

). K ] J* y J ' ' k 1 -.*•> 



' v ■'r*; .Sj 


length f«t St |&>Ut^l bad, aJloy^ig ^ of 

wi a iiaffMWTOli ’ barrels ? ’ „i '" ‘ /' ,v ^ ' * '\'' £,.// ' ^ "'■ 

o/^fh^^029 

, 3j» !!/k'rooto£ jWfctVA'l * 

“' ' ■ fr*'- V’’ * >ir. i-9i 



■9] 4 i I nearly* 

* /f *IS t 4 S 1 7 1 2 n e t tity% 




i’ ■» i* v v ,, figBgfQ&gRWfe* , ‘ • t C^V, , ' 

' /Vsy '/ 'AnUimehcal 1 ty&gressum* 

first t^rm oi ,.n a. ith metical pf^esskm be *, the common 


renefc^, ami tne nauimi of Urms 50, -what is the last term J 


A ns. 21> 




<■ i' » “ < 

'Si ff?* first ami list term? of ah /arithmetical senes be JS and 12, 

1 the number of tei ms J, wh£t is tl*e common difference ? 

' Ar " '* 

3* ; Jlequaed 3 ai ii;i ineUcaV ^h^it^-bctwecn 1 awl 2? 

.frV ■'■• Ms. ii, !«,!*.' 

' 4f ‘ - '- 

i. If the tir«t b'? m of uii rmtfthiptlc^ * profession be 0> the 1 »<=*■ 

, term H\ 8iuHk<* rmnb r of terms i;0 y wh'tli* lie* mu' 

i,V j , i A ns. U fo- 


lk , 1 

' Suppose, 4 triangular bat triion to’ Consist m 20 r juL*, ti.c f rs 

/■, v b< i nr 1 lip n, the next !■, the third T # the four Hi 10,"aiil so on ; 


r, 

wc 


.1 1 ngi'i » * , v “ ' ,• , , 

/ *' fmtii 

^ v « 

'.. l' .» oeb ' Imicnt nw. i ’1 r.dhb at the r&U' ctf.4- miles th#' fet 
horn, .i:d l niile lb* 1 l ,wt r in what time did they perform the journey , 
suiij^pin'i 4 -*jc1i nu < li u is'^Ktc^ivcIy dimims^eU by thi? snnxv 


distam^j and ’ 4 vt was t!»a f distmcr 

S'* fdiino Mi ( i km 


Ati$, \ 3 hours* 
At. & the dtcJCGse jtt.per how . 


- .-jp. 

51 ,-k„ ^>n; 



3 body near the tilth*-* surface dcserods 
( n-hl) rhe>*n-e of lOj’./co/ i»* the fii^t second 
) j 1 m the i; vjt second, h \ . 7^/ n mird second, and so on 
^ a Sait* : il pi :i- on, vv kims term is lt,V 

Dion dqterwnce;3r|j-’ ;■»': now Atcorciing to this fiowtaf 

ftyy bojjly. descend in J u seroi . d> ? ’ . ^ 

- ' ' r ^rtJ.tai3j/cef4 

f> JV1&* ■ 



*> A* 


C t.™ Jf 


Geometrical Progression . 

* ■ ' , s , 

. * ,* - « 1 >v«*v *£- v 

% L Jf th« fiwt term be'^|]{ the ratio of, multiplier 3, sad t^:£tfitlber of 

teinift 10, what is the latf&fejhn ,? ‘ , ^ 

■ * ^ Am. 2,%24». 

2- Let the first term be 9, the ratio or uimor, 1£, and number of 
tom? 9, what is the last term? '' ’ * ,, 1 , r , , " 

s ^ . 

Suppose ihe riist term is 100, the ratio or nvilUjfj^Tw, &od the 
number of toms 8, what is the last term 9 In other wt>*d>~-AVha< is 
the »* mount of 100/, in 7 years, at 5 pn &n{ ^r % annuity compound 
intot.L? ^ 

”, Am. .n40 7 10012265625, 

Let Hie exliemes be 6 and 24, and mnpbv of terms 3 ; required 
the middle term ? Or, what is the mean proportional between 6 and 24 ? 

Am. 12, 

Required a geometrical mean between 10 and 20 9 

Ai s\ Tttarlu 

*S If the hi si term is ‘22, list teim 1003318, and tins number of , 
lei ins '1 ; wh.it is 1 ratio, and the two middle ter - '—Or let it be ;* 
topiin d to /hid 2 gromiliicul means between 22 ml 12030 18 * ** 

„ Ait"* 3 1 * vcStO* 

- _* ° ^ And the, middle terms 838 u ' ■ . l-2. 

7. Required twb gedmcldeat ntfan pmpor 1 mats between h, ,id > 1,3 

, si'Jlkr*) , 

j 8*4 1 jy l ,c,:rl y- 

8. Suppose the r.utrid; ^ ne^essai} for an army to be counted 

t 16tirae&; the tirst count Ihih^ , the'tiexJ’ ... 'he thud 12, the. fourth 
J, and so on ; wllat is the whoi«* number of cm nidges? : . ' 9 

*■ - Anu / 

* » . h V’ 

* -£- “What would be. thc’pio luce f'-r last cjpp) in 10 >cvrs> 
grain of wheats t he inn ease or a op being cOJ^t.M.tly sown, 
grain inodueing yearly .in eir oi K» i»Miiis^ supposing 7 OOO^gr^^to ^^ 
.weigh a pound, and tivtt. to the bus Sid f ^ rs - • < , ^ \ 

- ' f#J * -*S *, fw’ V.« ►’ T ‘ 





^^IDDpiQNAL EXAMPLES* 


■vs: 


159 


10, ; tbc sum of the piogre^ion fa T ^, vtfgfc* T ^>r©> tov, 

1 !fi* nitwi f (the ratio or divisor being \ i), And Iasi term 0) ? < ‘ 

/, * *$£f- ' Am. j/ 

^ (, / # 

11. Whiitgs the sum of theories J, £, ^ t t 5 » &c. continued in- 

flint am ? -’v^ 1 ” * “ " ’ V. ',V, 


Am. l.- 


19 . The sum of three continued proportionals being 100, and the 
ratio of the first to the third a? 1 to 4, what arc the $ numb ns ? 

. v, S *- 

‘ . *' Alls. 1 1 f, ‘28$, 37 r * 

13.*/ Suppose the i .t'oof the first to the 3d. as 2 to 3, acquired the 
three nuuibeis? 

Am. 1:6-9475, 32*8813, 40*0712, 

M. To uividi* 100 ml > ;> continued proportionals, the ratio of the 
tiv t to the nth being* .is u> to 3 1 ? 

7£JJ| H Ifi* lib 33 


O* LOGARITHMS, 

434, Logarithms arc^set of numbers so com bed, that 
the products in multiplication, and the quotients in division,, 
are obtained by means of addition and subtraction oul) . 

lj.i. Or, Logarithm* are a series nf nuiat^ra in arithmetical 
cifci.tri rr. inq cmre-poiv.lm ■ to another stwV'pf numbers rn geo- 
1 pmgnp&ion , 4 • * V • , 

Thu.i if \ be the first term of a geometrical progressing ant} 
2 the ratio or rmiUipliu, the terms will be 

i, 2, 4, S, 1C P 52, 64, 12S, &c. 

- (idb) Or 1* G' f 2' f 5S' # S*, '2% Q' J , Q/, th.. 

Anl thee** i*mfcticul scri of intliccs or exponents - ,* 

P> 1, 2, 3, 4, 5, 6, 7, &c* \ 

^ >y z r * , * 

logarithms oftbe * orrespondmg leans of the geomctifcal 

ikwor powers of, the ; rano c\ 



3&) ** ' " A It ITI5M ETIC» *£,* 

‘ “ • - * * 

1. S, *, ft, 16, 32 , 6s 1?*, &c. numbofi/y^ 

O, I, 2,. 3, 4, 5, 6, 7, Sw.' lo^inthmkv^ 

1 5 ft. Now" the sii*u> and differences of the in lines or xfagja- 
rifmus answer to the products and quotients of the v correspond- 
ing terms ornumbeis. , " 1 ‘ f 

Thus 2 + 3 make 5 the index or logarithm answering 
to 32 . 

k v ' ' , 

(ill.) And the product of 4 and « ( the terms iSoriVapdncling 

to -J and 3 ] make "" ' , 

\ 

A<cahi v the" difference of the indices or logarithms 7 and I 
3, the index or log iri thru of the term or num!t ;r S, 

And the quotient of the corresponding tcuns, 01 12ft divided 
by 16 is 8. % 1 

Therefore the products and quotients, of the m inbius in the 
geometrical progression are found by taking the s .-i.& or differ- 
ence* of the corresponding indices or logu'ihms. 

1j 7. liut the indices 0, 1,2, ft, 4. 3, 6, 7, ivpv denote 
the pout'ib of any oiiicr number 01 huso ; consequently differ- 
ent ratios or geometric progressions give ildfeicat systems of 
logarithms. e 

* 

Thus if 1 be the first term, >uid ;0 i:\e- 1 itio of.i 'ij- .n, ' 
progression, t’oe terms will be ‘ 

1 , 10, lOO, lOGO, 10000, 100 ' 1 'K), flee . 

• or l % 10", 10 ', io a , )', i<>\ &e. 

s. 

And th?^ indices ‘ 0 > 1 , 2* 3, 4 , 5 , '-:c. ; w the logarithms' *of - 
the con expending terms or numbers, as bid.-n*. ** ^ \ 

' tfy * . , , " 

1 10, 100, I000 t 10000, 100000 , &tr, manhtr s. _ 

1 0* U 3* 4^ 'S &c. logarithms*, u 

- 1 *■* 4,1 ■***>> 



too Alt IT H MS. 
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And according to this system or .» afr 9 the common logarith- 
mic tables ii^w m use, ne calculated ** 

IAS, Nov. o being ilic logarithm of 1 ; I the logarithm of 
t«>; 2 the Icj irithm o! UK) ; &c, it follows that the logarithm 
. f .me number between 1 mil io will be O with a fraction ; lxv 
txwi . 10 and 100, L with a fraction; between too and 3000, 
f w nh a 1r ictiou, &c. 

150. I^/i&also evident from the nature of the progression?, 
that if aby ’number of geometrical mean proportionals be in- 
terposed between am two Icrms of the geometrical series !, 10, 
so.r, Ickk», /I. mil ih' like number of arithmetical means 
belwxtu i 1 - i ' it, .ji.'iiflia.v indices 0, 1, 2, 3, See, ihat the Jailer 
v* 01 be the i • / u ■ c * ■* «>i io‘, . Lithms of lln* former. 

hm cue metrical mean proportion. d between 1O0, and 

K/OUiM. )0I‘0 

\nd tin aiithnictral tncsii between the indices 2 and 4 is ;s 

0 , Iik Jucarif lm. *>• * nni). 

In like ni..umr liiai me m between 30 and 100 I- 

% / 1000 t* i i )r(> 


* i ;<*!■' i <», 1 i « j ot 'i <f,ie \ /j * ,d NVper, >diaron of 

. 'i i'ii *« i >* Lui'b v t - .1 ■ 1 j.iiblbWt t'.- pf th$ie iiiuf&grs 

. . , ,r‘«*i « ■*. ■-(•'(! Uinftu Ikfyar ithi >ru : M Ca?imi$. Ocicripfio. 

1 h i<?j, ii > m huwi io, arc of that form vviic i* iias'shwie been t alU*4 
,f, /,./«*’ .* .7 fthvn. I hi i / 1 < — v in stale or ^ysuu. of logarithms wo oyv to 
Mi, |i. . ■ o # .atli.it linn* Piofav*oi ol (icoiuetry at (Jrvshawf 1 

Th» n ,v **! i ! oil .imImi n' ‘iiht * 1 , in iu<M is'*' tn at present for ii<>n<*ial 

*isi- ar* ,OaKk m i '■ . * *e • ; ' ' I aykirV bn-e At" 1 7 Tablr** Portative, 

!*:>■ ( .1', i , ' i. i/ as j/i- •cAiti » .). f) fi'Mtonb Ah tixuimtical 

1‘abi- . v 'i-' t* * diN aj > « a r* i? coiiiploie iJislon of in. 

£&pb ’• 

sig'jjSui t !■ i tli'j 1 '. \f l& ^ 

T* V- 

V01. 1, 


i y 5 'J is 



. : rn.Vft 


W2 


And the coricsponiiiii \ °i. kme< ' *1 men I’pIwlch the in- 
; di^es> 1 and <2 which i& the .a'.iilur, vi index of the 

’’Ucrm 3 W3227 'Sf&w ' , 

A. ' 

• therefore computing t lie logarithm of n given 

number principally crtn^isls in drifting a geometrical in* an or 
turn of the series equal to, or nc.nh to, the numb r p>o- 

posed; then its corresponding arnliim ttcal mean or iiuu v will 
he the logarithm sought. 

Now 5 by repeated extractions of the square root; such on np- 
, proximate mean proportional may he found, ns in the followin v 
"example: 

tm). i ct it be required to /ind the log mthiu of 


, 1’irsi f i hr nunihei 2 In** he^'vren I ami P); 

031) »nd the g'.'onK ir :I mean \ ai \ i\ 1 and !' i, t / 'i x ~io 
= 3;1 62278. // 

Andjlhi anfhtyteiicAl mwn be»wK*n ttr£, i^Hers 0 : i.d 1 (:V l.'c ’nlhie*; 
a* 1 and lO) h : 

thcrefljnpthf! index or legal Ithm oi > 

Si < imi'Iv , T he nnu/ju 2 nov r IT* , hr* *• m .i t i-d **• ' • ' ^ 

,’lnc tf.o rpi*iw ,, i \ .d mean fxtv.r. n t'ai^ m n h i> V i \ , T r . - 
i 1 < 7 sS w . 4 


' . ^ ca ^ " ni ^ ,ialf iJ, ° si,,n (}i i,m * ,s * iv( ' ■’ ■ j • 'i. 

I Si 0 -V". : 

U'*\torilhm ftf. U ITfZVJ k ^“-3. 

TW^tnst^fcT ? lies ?n-i . i, 

1 !i’r g^iwehieal n is V l*77s5?y x 3 iii.'.',* s ' * ; 


*■ VS>jCr V 1 

* logarithm or index of $»E71 Wt i‘. 0*7. >* 

>; i^o>n tdins Jk exiles and next *i ih. 2 .ire l-VT.ijT** 



» U*' i.efin mean is t / 1 ‘ r}-57y / 1 -• ,;t l‘£f.'.“a3 , > •;. 

■ Anti half Hie*.um of the corresponding u: !ic os or logarithm* ) , 23a»nd 

OvnSUsIKJjV • yV 

. t^ejoro the log. o i index of 2 4 <)3J3 >3 I , O-J 123. ^ * 



LOGARITHMS 


An.[ <: S •. I- s i r V, -r”.st "illyrnr ! t: ^ ifr,e of tin resulting gcoAiet li- 
ra 1 m.M'j'. i, ' «■ . wini iv v’ j "v tlr-iu e 3, y&^fraCtions ve get 

tlielrnnl ml tn . * - ,*sjjuji '-m* or logarithm 

O'joiiij*'? mi, sis ui.li*\ 'lii.'ivfon as I'iJj** »i ; '* {istfri# fmt'^'Ooorjoi from x 
--> wi m ’ »* l iki u*:io : (» ;:‘V oi 0 301030 (div cfeclowU) for U& 

l(»” \n ! 7, O* . ' l ' « 

* ' f mI l!n» • ,i !, i,*.,. ' lnijr ix'.HuV.s \\t*iu v t uivnuUnl. 

l< > 1 *'* <■ rl ; 1 r^nctldioi.s i v 1 1 05 luve ji.ac H*to 'i derived l.om ‘il^t ~ 

M.( V 'lj ...V, ajid tilO lltlMOW v i t’dl< !., ills’. ' ^ ' ’ , 

* V 

!*»!- N/nv from ibc logarithm of •5, . . » erithms of- 4, R, 

t li, cmc. tbe pow f ' oi 2, arc ohd.iued /D-y mul'inlicaliou. 

l i. , * ■ i X 1 “ • i . i f ) hV ioj; oi f J z or 

i . ■ s -i' ( ■*• ■ the lo>. ol vy* oi s 
u . . ■ . * i : ■'> the L m ni : i oi : 

c 1 - ... 

I fid. And dnev io divided by 2 phe* A il thy, togas is lini'-bf 
‘J be Mibtractul tinm ihcjggs^hhm of IQ> ihc rei^^e^^vMi' 

•J 1 ' ]<> c'Mt’ini oi r > {i"0>. ' Li, '* 'V'\* 


' ‘0*fojy. or It'. 

> ' i 'J f'l 

'■ . 1 Oi .• 


A.-d d I !i * * (-m . i”i *>f 5 he multiplied, by 2, 3, '£*" 
. . :: f* b tin logaN'Iim* of 

• ' ."■•:!.■ -SO U,« kgvf S* 

idi. ;; it* i * iii r».c I ^ 

i cr\ tmj.'Ivi t ^ ° 'pjVi^'J is) be (hit 'power of ^b^fct)se 

til*, o -I ■ !r.« D‘ f 1 b.- mwn c r, ‘,; -* '*/ . ,, ^ 

' ; >'<fv ' /a J 

'! !u»- hv H io.' ^osn^q^uiatibu uv' i0i -3° K er|iial to $ f nearly* 

a | t p.or. 3 ^‘jo <*qr il tn 

e g s. o 7 o ' co I'ffl n> ;»,' " 

equal to . '' 

’■]f, &C« ' &.O. 

M535* Tin • ‘.icgral pari of a logarithm is called its index oi 
chara^rislR - 7 thus in the logarithms 0*301030, 1*204120, 1 

v y 3 i " * “ .* 



. LQGARITftM$. 

• V* * - • ■ . 

, .97W8W; Jbe indices are o, 1,2; the other figures beingdeci- 
? ,*SSdU. . ‘/Aad-ajsv^fr^l Alices are easily supplied by the computer 
:^thself; they s ,^^ipsH^n|y : omitted in the tables. 

^ fepjjg^rhhm of the divisor taken from that of 
.the dividead;give^ihe?^garithni of the vpiotient (162)* it follows 
that the index of the logarithm of a pi oper fi action will be 
negative. &'*. 




L 


Thus siipjySseiJje Jegarilhm' «fsf g, of ! -&t decimal •($£$- is wquucd : 

i°. i^W;i-ioooooo " . r Jf2 

1C, its Rs^l^OllSO sub 

'* ‘ ,0g ' of T"“ or 

In this subtraction 1 is carried to the in<Ie\ 1, whuli Tiei make 
i" 2, then J minus 2 gives 1 ntsgatiwi marked wiih the lugilive sign (■— ) 

^ the remainders ^ * 

• ^ • '*** 




t9U\ 


proper fraction will have 
eater than 1. 


Thus tb fi^®pb»Ub 2 ^rthm o <jfjf 25. 

j %5? ^ 

25, its log. 1‘397JH0 (twice the lo^. uf 5.) 
4, its log 0 6020t>0 Miblr.i(f. 

log*' of (>\:, 



li'o = 6250; and 625 x 100 = 6 2500, 
im of 10, aynl 100 to that of 625, wl- 
o 


£ and 4*71)5880 the log. ol 

7 f 


‘ >*Ltr < ‘ , ' 'K'' 

^gjPjpce f jt appears jgthat the logarithm of j whole 
" 0 f a mued nwmber, or a fraction, con- 



S^4^ 3 igmficant spites, differ in nothing but 
according to the place of the first 





1 iuis. 





"^4 


’ 1 

, 

, 

■ 

............... 



■m” 




"00G25 .:\£Z ~> 7 osM~, ' 

, >if, >, "/ ' V' 4^ v ‘ > , v 

The$efar£ the index or characteristic of any logarithm h 
alway i,t*fos3 than the number in the integral part 

of the natural number, A 'f4X 

'V ”/v 


Explanation and use &f$te Table of Logarithms,,* 

170% Tiie table logarithms, of the natural 


numbers from 1 to J Ou^* 
rithms of the first lC0i 
Thus the logarithm of 8 H..Q* 
l "9867 7 2. The indices or *isti) 



offi^,5hfe!log a - 
PBlH^oes. 1 

of 97 is 
other loga- 
rithms are to he annexed according to the value of the inttggral 
part of the number^ a& in art . J( 



To (hid the logarithm Of 

p - V^'SK 


1"1 

fig ure s : s-uppr-e 123 


X^qok in the left-hand' 
*089903 in the next or 



part 'dfyjjfi 
3 integer. 


logarithm ; aud as the numbed _ 123 coimiBw^w 
the indix will be 2 (lfi9) ; fhere$£e 2*0899^5'% the logarithm 
or 4 23* 


i ^ '* 
**>• 


‘V-A* 


s * 


, i;#. To find the logarithm of a-tuirtibcrWnsistmg of, 
figures: suppose JU 57- 





'tie two first figures of the logarithm of 213 are *33 ; then 


f 7 at the top of the table, and in the hon^onta^fdiv an-v 
*$jj$ng to 215 is 3^j^lS6h «re the rij “ 





LOGARITHM^* 


iff a 


*»', logarithm required: therefore the logarithm with ils indew will 
V te 3-3338 50. ’ , . 

1 73. When” the 4-jight-hand fgtiu< of a lor-ip/hm are 

less than the 4- ^gb^vnext preceding, it »!m th* two 

first figures of the logarithm in the ( 2<-. ulDum an. c!'an'*M 
or augmented : tbua tlurfo^arillmi of * ’• l * k w thoi.; tie 1 ■ 1 • 1 ' 
is '36^j')b , but th- logarithm of l1 3lj i-> ‘37^1 

174. To find the Ir^rrithni of a number consisting of 
fignies. 

r * * - 

Take the Jogrojihin of thqfoiir left -hand fi* /lies of th s »;■« * 
number uom the hv\i\thm nejet g»\nt'\' ; flu n - , 


As 30, is to the difVcRurc*, So is the :■///. 
her, to a 4 th. number, wJmdv'^ddttbh’ ih- 
logarithms gives the log. sought*. >: t , • 

y. v* ‘t ,C> * 

<, Iff 1 ^ * »’{■ , 

Lrt the ( bi&f 2 i 6 ( 7 G» 1 - > 

\&&,i 16 V.— -•> . 

hext sn vU" ) 1 ’ 


iji.. ’ * ! lb- :u:m- 
)■ " 1 - ; *‘f the iho 


■r- 


As 40 : 176 : * f 6 ( 5 03*6 th$ iiitliub »» 

2 t 67 fo 0 . • 1 - 

* 1 , >■ , 


' 4 xv '#$ 11 % * w « 

Vj ' »> >: % * - - 


Hcrowr suppS^llfc l'> f i* 

tipnal to tin* differences’ of .he corifes.pbm^uKi'ural ihu’.Uj 


Thu* (V log. of CM- “ - . h ■{ 1 

■; , of 21**' 

diiii of nuH(4l|f?r& jjm 

: j& 

ion, as 10 : 176 
btiiij* 170. 


1 Op'/. 1 ' 


IT.: ditt. uf log*. 

V 
s' 

0 • 103 0 the ^rrportional part tor G, the whole 

‘ n*! 

i; j, When the logarithm of* a number consisting qf.^p^, 
gurcf. is Inquired; the diflerencc isfe&en for' 100 : 



feJfflfrlUTltUC* 

i i u, fi.ul tl» j Iu-;arIthmof 54'GJ >7. 


167 


51 i.jno 

di:i m,r 


lotr. | ^ 37431 , ■ 


Tlifii, .13 X UO s 80 : : 17 : I'.T'fi'ffir proportid&st pturt ^ 47. 

* ' 

! 7*7111 

' i ■« 

i "- < 1 1 hi) log- of 5 1 *C3 It • ^ 

"»* x 

„d* 

U'll if the .logarithms nc\t less aru] next'gt'eater Arc in the latter part of 
*!-(’ LiMi?, the required Jor.nithm may err lift' the last figure when the 
i number consists oi i> *' 

l~(». f Jk* logarithm of -i viilgaf .felction is> found by sub- 
■ r.uuinn il . ■ i*.; ^rhm of the denominator from that of the 
numerator . 


Tims to fiii.t tV '■< 1 j 


1 1 1 !«. 

» i r ).)< -$'. 16731 ?- 




' —" 500809 log. 

O tU* II . on n. i , !»• . ''-I ed to £L du&mall 


177. A n.i-L n.m:h*r may be reduced " to an improper 


'!* : 


*■;. f \0 1 

j * ... . * 






Ol f » - f .» ‘iMviss tv ht i.vlii.-e'l to d cleuuul. 

■J0* **- J ‘ j. ,i,u I I*'* h\ T . l-> l •J 1^0 1 S its* il Oil’ 


' n T ojitin . tinnier ansnt^rh^ to a giren logarithm* 

j >, ^ 

IjrgL Xjfh. i-* mily tl 10 reverse of li in liner the logarithm ot a 
eivS®i'ui]lM*i » Therefore look er 'h- two left-hand figures ot 
the J$g } v n d inouiihju in 'the $tl. column, and for the* 



lt*g 


LOGAHl’tUM&, 


Other figures, on ttybright, and take out the corresponding 
number. 


' Thus the m 
The nuin 



rfo 2'3-J 7155 is 21‘> J. 

to Ihixfeg,' 4”Jjnn5l> is 2^“0. 


And the number ansy|j*»g -to Uji* log. — 3 ‘rSfAU )4 is * 00 'J. •'?. 

1 7Q« If t^fiffypftsed logarithm is not found exactly *n the 
table, takfe l^fedifference of^he logarithms next greater and next- 
less, and atsb tjhe difference between the given logarithm and 
the next less, then say \ / ' - 1 

K x ' -S' 

As the first differences. 

Is to the secont| |i 
Sb is 10' 

To the 5th* figure of the requited number, 

' 180. Bu'f if the n urn be i^fs regui red to 6pb(e*oJ 
make 100 the tbi^fcernft ;of^thej^jportioii. And the figures 
iL ““ L — annexed to the n^tftfcer answenn* to the next 


thus fouffeggj 
less logamfSn^l^rill give the juunber sought. 

m ■ - 


Example Let ft be lequjrcci to'* fi ml the iiiiiuIhi .in urning to .th 
Igg. ii-26.)S8o ? ^ 1 

-* l . . Injr *■ S • * « 

Mu 0.1 the !<#•*. ol ISM 

~~ ’i:'> d.u. 



J&t 


As ?:>-> s 125 ' f. Vt>: J the Mm 
to 5 places is I S i 15 . f 


s ‘> 


j tlu re fore (he uuuirctl numhu 


Bute making the ocl If rm . f the; pioporlum 100 snstrul ot 10, 

As C35 UK) * *j 3 the jih. JHCMft. hgiue^; undftlie hi 

6 phci* is 184HS3. 

n; This operation is exactly the* reverse of that m art* i 
And it may be necessary to remark, that when the logariifitns 
ziixjjNfefi aud next greater fall in the latter part of jSjSli$)fe 


where tl>e difference s are smaff,' -the number an^wering^^ the 
proposed logarithm cannot be depended tipou to more 

of siijbm. ■ 



f 180 ] 

Multiplication by Logarithm 

• 

]sk Ann the logarithms of the factors together, and tha 
sum will be the logarithm uf the product, (108 )?<l 

Lkamp\''. 

? !' j iii ,j fl the pindmt ol J-> by 7J ? 

-.*!• I«ar I Ml! 973 
7 J log. I 

product )Lr 1 log .W* t »> 

\\ It it is l hi* 1 ul > ‘ 1 » 7 iincl 1 ‘37 j ? 

I 1 r, |„(t. o ifioioo 
1 , j l v i iSJOJ 

l‘i' i 1 j t I ; j {) fT i (\ ;*is77« 

3, Wild i ll.i i ixj'.uiol 'il 1 ami * >> 

. ii.i, — 3-7 . 5 yj f. 
i'.g — l 9 7 7 77*4 
i ) ' ' ( ! 1 J ' i J i , Jog. LS 

hi (!m ic i 1 'i.i ru'd lo 'Ik* h i c!ki > 'i tanadls negative 1; and the 

•> |( ' III | j M 1 ’ I I * l 1 — >. 

I. c 2. IS :L lo avoid llu i ,o *‘ of * n. rative indices when 

i#irc or more t ! lhe I.: *!' i . .>k d ■ m*i! 3 multiply such factor or 

Lki n-r. In in, lou n, ».;■>.>, is . >,.) •}-’ L> make the product or 

prodi. *"■ ' h« ' .. ■. i * 1 ■ , \ j thep j j v ug addjpdth-; loga- 

inliioc o. tlio t i. hd. thud*, */ correjpfjfiiliog num- 

b, i b) the l.L 1 I:/;, &( . foi the answer, 

! , * , L, .o . g the la7f #*\ainple: 

-i-'' | v j 1 1 • l i ■ i 7 \ '39 L 

‘ * X 1 J .- = 1"j .« ,' y o ‘»77 7 w t 

l - , . iii Pn* IiTg. oi ;» I 7 v Ji’cli 

is evictemh lOf-j x^iu tnr-s tcx> f/.at; Ih. intna # t'J (I vuitd by JksJOi) 

giVv'i '0 . ji ’ 'i. i,io \.i tad: -fpic 

• » 

Ip I.-^uritl ms» 

iS3. Slj id / vc r tiic log.iitthin of rhe d* visor from the logi* 
vithin of the »h> idciid, anti the r< mainJcr'is LliclogarUhni o* me 

aifcy oi~ i. 


2 



logarithms. 


}7Q 


Examples* 

1. Divide 1416 by 59* 

^ M If? lO'r. 

'] 51) I T 7 m S '> ' 

quotient *4 k-g. l~3 y>, ' 1 

2. Di vide 25 1 00 by n 1 *7 . 

25 1 no Jot, j ') '“mi i 

■ i!">7 log. 5 >00)7^ 

quotient J3\»uS3 log 

'3« Divide *01271 by \S7J9. 

•01271 h>g. — 2 r "j()* JO 

•V7'H» |o-i. — I -«l I 1 I J > 

quotient log — a i.Mu*i "7 

184. But if \vc proceed as in the* 3d. example of multipli- 
cation, remembering alwajs to make the dividend greater than 
the c!i\isor, the operation may be performed without the nega- 
tive indices : 


Thus, lAing the ixampb ; 

•m #, 7i x iooo = 'ttrn i^. i* l# ni r ito 

•S7M) X JO “ S 7 '■» l«) . n « | 1 I j; 


But this quotient 4‘8j'I9tijs 1000 nuns t •' i^na’ on account of the divi- 
dend, and 10 ’times too htllc* bei .him- tin* dmsoi was multiplied by If;, 
therefore it must he 100 times too grcaij ,^ consequently Hie quotient is 

'0 ibjJOi). V' r 

£- >- 

i And in like manner we imy avoid the negative index in all 
cases when the Jimmi. is greater than the dividend. 

To work u p/ofjoi fion ly Lui* t m thins* 

185. SnBTRACT the logar^Um of thedivKoi from ihe sum 
of the logarithms of the other two terms, and the remainder 
will evidently be the logarithm of the 4 ih. term or number 

fought. * 



LOCARIT-HMS. 


in 

£\umfJe i. Required a 4th. proportional (• 4628, 973, and 17fH ? 

As4tt?8 log 
is to 973 log. W 

so ib 1793 log. 3 JltT 1 *!) 

o* ' I * i .1) 

.1 t»ii ' ’/ 1 J 

to 37.0-958 log ' O 

180. But instead of subtracting the log. of the first term 3 
it will he found moie tNpudu ous to add its arithmetical com* 
pi van nt : 

Thus, lii'JS in-'. ) 

i>* . ,hn . tin itrif/mr u */ co.*ifncmc"t* 

*‘.S lug J •(■ i ,<> 
i r s In * { >17 • n 

i . 9 ' I v'g. M IS In (nit • 

The riiilluvu ticai •■ompleiivnl of any number is the dif- 
ference helwcen that number and t with as many ciphers an- 
nexed ihcic are limn os in the number; thus the arithmetical 
complement of 57 ^ 1 3, which i u the difference o( 37 *nul 100; 
ini tin la lore adding 13 to any lumber, and subtiaeting 100 
tioni die -aim, mu? I give the same difU roiK* as when 57 i> taken 
ho.n 1 1 ki 1 mini her ; for by adding 13 m-icad of -»ubti acting Of* 
w e 0 / 1 100 loo nine h. 

Tli a til.* leg •»., V ; 1 , taken hum 1'* ■' nuPftO, whence l!u; sum 

becomes 1 J jIO 7j Imt a ^ tii. l^lQ'OOOiJ.'O toe « h, the 10 is omitted 

U tin Hick v. 

The easiest method of subtracting for the arithmetical com- 
plement is to begin aL the left-hand and take cub figure 
from <), pf the hut tigiuc on the ngl \ which must he sub- 
tracted ho’ 3 0. 

Therefor* 1 m division, instuj sublvactinti the logaiithms 
of the di\iMj«s. *.dd their arithmetical complements, and 
reject 10 m live sum of the indices for each arithmetical 
complement, a.-J »he result will be the logarithm of the 
^UOUCQttU 


*1 ?, 
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taOAAlfHMfi. 


2. Required a 4/A. proportional to the frai tions Y'rr*i V, 4 *V> "' u * 
I | q * v 7 1'J v RO'?' 7 

‘ As tffc : 3 V& » M« = i; , (l x Vt oTil^ the ^ ^ ‘ 

pound fraction. 


1192 

K'- 

1 OTr^Tfi 

749 

lOu. 

•J ST ! JS'J 

twa 

i.*. 

h ‘•.llJ.'i* 

996 (tri th , com p ol tin* 

log. 

7 2 ’17,1. 

717 \ j urith. comp 

In»> 

(. 1 j> > IS 

J 1 to until comp ...... 

log 

n“Mi>S 1 '} 

Ath term required 2 8 

loj. 

l ■ l ) fl J s 


Ilcrc 3 tens ot 30 is ityv ted m the vim of tli<* in 1 ■ *'» for hi*' 3 un*l * 
metical complements ; and tin* ic-ult is 1 1»« • l« of s, m oi s 

the compound had ion nducul to it , lov. A le.m.. 

for the log. of 1 1 i - [ 

ol b is O'onso I) 

IJ 4- •' 7 | .#‘i lu'> o f 1 1 


os Suppose the rcMilf ot .r piopmlion i, (lie toinpo-nH fs..'ln?n 
7 H)' ' c .i \ it "hut is it" \ civile 1 


<i)7 ] { 7’ 

V. l.o h- 


(7 orji it 
((.(■■ ■ 1 . . • 
-I • ■ ;i 
I. i].»i 


Herr 2 tens should b" cn^in lied mine f nm ol tin. indices fm the i\»j 
arhhnufu ..I complem, nls hill J / i;> J jjun l oJ •> tens theiufcju the index 
will he 3 vilh a ncg.iliw* ngn, ' J 

Unis — ;j\ ; 

The mi’iiljf r, to , ol .or ,, . •lsuciin" to t'.. \> v rif'un (without (ho 
index) is 1 1 JP*> ; hid t index , ws t li • t i! i ■ t » hi* 3 ['laces below 
1,(1 thi'LMc^re di'i'iSi (i.e le* n.;* J, tiu«: to tlie Lbl 

decimal. 


4. Inquired a Ailt* pioj nitmnjJ tin* tin. c d< , inuls 1 1 ’J~j t 0713% 

and '001278 > 

^1427 j X 10 = I 1?7*> arith comp log. 0 SIM 24 

•07K3 X I')') = 7“loS log 0S7JJ04 

*001273 X 1000 = 1-27S log u lOf.m 

6' GB59 log. o tfiil >9 ; . j( 



m 


lOCA*\T 

hul the result 6 6S39 is 100 X 1000 OH account of the 

multipliers, and 10 times too little bemuse the divisor was in< reused 10 
linie-i (1SJ), continently it must be loo X 100 or 10000 times too great ; " 
iliciefore 6*0839 divided by 10000 gives '00006859 the 4/A. proportional 
required. 

Or, making use (,f llv negative indie ■■& : 

• 1 i'JT » log, — 1 • l VI f >7 f > 

hi s i arith comp . 

*(7h.s log — ‘J‘S7JJ01 
f 1 ' I 1 J T S lug J 1'tniTl 

,1 nciih 0 1 1 log — I *> 1 1 1 >9 

Jr ta *v me th 1 u '■« li'in'licril complement of th(* Is/ term, the negative 
ii J, \ i in, j i in- k!'{ *il (.» Vl im.l< . 1 hi fed — And the ^uin of Ihc 

ui.i v { v i ; >«/. / 1 < a. ii *ii ) iiuke h p(\itn\ , hut 10 should be re- 
jei t< ii m i he Mim mi ,u count ol i h« anlhmelu al complement, therefore 
th“ mdi \ m the 'jUip " ■ W lie r ugit>* 1* 


Involution fa/ Logarithms . 

1S7. Mim tiplv Uk logarithm of the number whose pow- 
is i cc |ii i reel by the index# of the purer, and the product is 
lilt Ingaiithm of the power required, v 1 1> I ) 


Fxdv:pu s 

i, Vv n:u i » t *'■' i ube oi V. power of l"' ■ ' 

1,0 log. 2 230110 

* 3 ihu 

A>/t, *1913000 log. r^Tnn 


t. Avh.it is the 1 lh power ol the decimal 7807 i 

To . oi»l the in native index, multiply the de< uual by 10 and divide 
tlic4//i po»vc r ol the pioduc t b_v the4//i. powci oi 10. ' 

\* 10 -- 7 8(i7 ihg* 0 S n j80') 


J ii> log, of 3S30 3^ 

Which Omocd by 10000 (thcl/ft. power of 10) gives *38303 thcj^g^ulrei 
/jjowei* line lo o decimals, 



*5 7 'l h&QA RJtHMS. 

. A Or thus: 

*7867 log. — 1 805809 
4 

jfo*. -38307 log — T ^ VW 

* 

Here 3 carried to negative 1 nuki 1 rnga'iir the index 

3. What is the amount of in yo )C.u J at * /^r cent per arm. com- 
pound interest > 

It U evident fiom Eu 1, art. 107, that 00 x 1*05 x l (r > X 1 07 8tc. 
or 60 X l*05 £O b the amount. 

1 05 log. 0VVJU89 

f j 0 index, 

i ,u Jog ol 1 05'® 

CO lug J 7 

Amount .iubS’OO lug. 

4. If in the last example, the intercut !■> p i vault* hah-}* «hat v.oulai 
be the amount m tlie same tune * 

Here the amount of m half a yum will he 0'J5. 

Therclou. 60 X l*0J3 lO ° Mhe amount. 

1 0 J J log. 0 u 1 0704 
I no 

nr,’ 1 fob* 

C0 log 1-77*171’ 

A moun t .4708 87 Jog. J -,s n 1 s j •" 


Evolution or Extraction of Roots f y Logarithm * » 

IBS. Divide the logarithm of *t;he number whose root is 
requited by the uithx denotin'.* the root, aiul the <; not ki.it will 
be the loganthm of the n'-'t. (IS7) 


* t E'MnpL'u 

What is t?i&' square mot a i «\u.9. 

Index 2) 3*87^030 / Mr of 75C9- 

, l 1 V'>"> log. of 87 the »■€.•/- 

2? RfiquirAl the cube root of 10. 

^ ) wnnooo lop. of 10. 

^ .. 4 ....... log. of 2*13413 root nearly. # 
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r * » 

V hat is the 4th root of -38303, Reding art.). 

4 ) “ *‘$83236 log? of '33303 * 

— 1-695509 log. of 7367 root nearly. 


Here the operation is the reverse of that in the. example referred tp, and 
therefore in making Ijie division by tin* exponent 4, we add 3 (the number 
carried in raising the pnwu) to the index I so as to make the sum just 
divisible by 4, and the 3 is considered as so many> tens added to the next 
figure on the light; hence the dividend will be — 4*3583236 which divid- 
ed by 4 gives the log, of the root — but it tiic cube root were required, 2 
must be added to make the sum just divisible by the exponent 3, and the 
divuhnd becomes — 3 2583236, the 3d* of which i* — 1 361079 the log, 
©f the 3d* root, ^c. 


O) thus, ( without the negative index ), 9 

'0 

■38303 X 101 = 3£ ’/•* log 3^583236 

0 s^ iS' in log of 7- 867 which divided by 
10 the dlli root of lb 4 gists 7si»7 the root as before. 


4. Wjiat it the squaic tool ofthc compound fraction x ylH' 


bid 

°i 77 

t> > 17 t 


90S8) 


tn ith 


‘...dog. 3.8076(0 
;,*$Uog« 3 962701 

’ ' ti is.ir , 
6 041 ,j 


— i_^ u L s .‘'_7 ,C, S - o[ ‘ <J95 17 root nearly; 

5. The d«am< tei rl a nun d.oi be.i* i ft ekes; then what is the 
1 dhimeU'i » f a 1 b/5. ball; tlie< weigh i a bem i the cuixb ot (lie dii- 
meters ? %•' > 

- 

. 4 J 4Stf : the cube of the diameter 

61 X... log. i M) 6 1 , so 

48 log 1 (>NI ill 

9 arilh tump, log S HU .) 7 ‘>7 ? ,t ' \ 

3}£o3 1 78 '* - 

Phm. neaily C °*//? leg 


6 What is the diameter of a lead musket ball vs hose weigh* a 1 ounces 
(See £xamp art* 4.19, sol. 2) 





‘ > . /£'* * log, of 653 of an viih. 

the diameter nearly* 4 

7. Requited the i^^dtetricul mean propbr^^^l between fii and 

? fl*I.> *' ‘ £ / . ' - M ' 

- 1 *;* w *v 

' Jr -v ■' 

Q?f>l log 3 8lft>70 

' ' Sj log. 1 908183 vsg*- 

’ «)*• ** ft* |s' ** 

Jnr.l^J log. 2_SG37 z¥? ' '/ 

And the three terms are 31, 729, _ 

For 81 : 729 :: 729 • 5351. But '“oofs are also propo'tld^ft ^ 

*(139); viz. 9 : 27 :: 27 : SI, \vl;ence sV X 57= 9 X 81. Therefore # 
the mean proportional is tlie product of tfu: equate lootb of the two ejef" 
tremes. , ^ 

8. Required 3 mean proportionals fov twetMi S 1 andiOol - (150) 

656 1 to#. 3 8 if ‘ To 

' ffii rQnh 

^4} I yos-iSj '■»* 

' ' " ; t> IT^ frfcof 3 the irctio oi ;?z?' V* V ' ; - 

Therefore the 3 means au* 81 X 3 =s 
81 x 27 

Aod the 3 terms are 8 I , *313, 7?', 2187, 6»oi. 


9. To fmd 4’ l geometi.{.al n<\ius between Q and 10. 


**%& * 


;; a ' ggir ^.jL|l 

(ilJw i log. of the ratio or m 
. lug. 0 '70 1030 

o fog 2 “ r‘j the I r t. 

'■ if ~ jSo> s log J c(,|J t!ie*2d. >,^W e 
P 131'7’M 

oVSbiti* log. 5 '£531 the 3d 
o-nuTPt 

0 8u»^(. »7 ,Jpg. 7 2473 the 4th. 


^ - Examples of Fractional Powers and Roots. & 
1. What m the | power of 409£,orthe cube root of the squarejpi| 

‘ ^ ^ . '? * * ' * J \ ’ 

ar the ai^reflwgjfcp 4006 ■. *■ , ^ % 



: 9ooaoo^ . 


• .* . aoOC.w.I 

■»- .ufy' f: 1 T ' ^- + 

- 4 ; ^^parljr^i85 ' Jog, i«goQQt>d ^ \ 

3» Required thei 44 p^Sdr of (□$£? \ 

> - ;’ 

, ik ^is ancisSffiifof cases*; it is^bestto take the power, or the. root, of the 
' ' - ri$j$tpcal ofVhfrproposed fi^f&^ahd then the reciprocal of that power, 
or root, will be the answer : 

v'f 


Thus the reciprocal of *9fc or of is \ftp. 


VS>--I°g <' 003771. . 

4*5 

43870 

35096 


■;A ' 


* > l[ Q?03943,30 log. of the ^ power of 1 the reciprocal. 
>" ;s h-J *960 5 170 . fcg. of *9 131 the required power. 

iiJ. > V. J1 „ j., 


The log — l 9605 1 7 isfdhndby subtr^c.U|g. the log* 0 039 183 from the 

log. oi i * .,-jV^x 

4. What js (lie '079 power* of '079? 

- . v*f£ p -....log. 1-UKH7* 

, _ -07O 

99 J 1,-1 7 * 


^ QM?s7ns7 1 (>7 i'S&Sff 


* ,,m- j **i j>j >733 log. 6F f Sl8j>neaily, An r. 

Hffc*'-’ / „ 

^JWaHHlU 5 the 0*75 root' of 2 > 


i 

■ ' 


" %’Tj) 0-30 1030 ...log. of S: , 

* t4i iHu !37 l ...Iog$ofc 2 .J&S / 4 ?zr. \V . 

V. " 7“ /' 

This however, is'e&ofly':th#sanie thing as finding the 3d. root of tht 
4th. power ol 2 [because -7 > =s and therefore 2 519$ is tjie number 

- denoted by l A. : 'K ih - - ' \ 

the 3 li loot of 0*8 ? * *** ' :V-j /fv. £ ’ J . ' "- 

‘ (i ?*%. * r 

PIP*' ' 





A tie! -- 


?r : V 

0 09691Q^>'. -liii 


, Whal is the'i 


31 -25 


i^ roc^-of the reciprocal 


954’ » 



' Jr# 


;M a '~lF HI. 

f "■ 03 ^- , 2 : 5ri 


■' fSraarJ log^bky 


1. Required the continued product of 



•'Vfr* 


■ V lV 

■-"tN 


r&» anc ^ * 
*000000224034 


g* M '„ the continued product of -AW A * n,ul sI4t- 


An*. 


7 ■• - ; 

3 /...the continued product of *70141, ’ 017T ?t ai ^, pr)<,p ' 


1077 ncmlj . 


the continued product of I '5^ v*<K)7635, and o 1 1 0 - 


. * j £ . 
' k*. 


£. Divide fjJi by i I « r V •...«.■ 0 '"' U 1 * ' 

4 S. Divide 3 by i of ,VV> ’ HuolietU. 


T A , . 

'Divide -1363 bj .2bdJ» ^«$f*’ 65072 

‘ 8 Mf.75 by -003373 ’........^-1 

0 lb l?8» 


10. Required ■■ id proportional !' 


•JIUI :-': 7 ' 


. A# 

i* .7*f. & ^<4 


s, . . - , ^.y 

- 1 ■ - i -5 "7 ■%/ ' 


t. 3d. proportional to^yV and 

3d. proportional to 'W77 and 0777 *• 


Jfc* 


An 


, • . \ -* , 

13 34 ph* actional to^Sfo and -3786? v , ' ' 'i 

1 . / -■ -T. v: **i\ ,-v 



LOQ 


i J. Required a 4th. proportw 



Ans, *31333 


*•• wiut is the 


' J;>'>Av v v^T'.; 
* .1 t' ?!' 


*#*" ■ 

ifw, -33445 ft©* 


\ \„ is yuam an<J 

’ ~V> 


c 




, - -. . ' ■ ■; '• - - '.'f 

* ' I9l Retired 2 g^omet^ajineaus between 3, and 3000? , i ,* 

Vv‘‘ * '■* “■ :, ■ 

* . 1 ’ 1 :**- . 1 *' ^ ... * x 

VO. Required 1 1* ‘ cube root oi'u~? * ? ' ^ 

. , >*. »048|1? nedrfv* 

,M Requir'd a 4^. proportional la jjhecttbt roots q£ 17* 19, and 21 2 

v >f . . ,>? y$ 

22* What Is tile lOOi^J ro& of 10? Z \, 

y, m -* r -Z:> „ ** -4w. J.023C9 

„ Vl ^ *** I * ' r. 

> * / ■ #1 , ^ L. . \ 

J3. To v. hat power intistlK) be raised' to product 700 ? 


dns* 


2^V; Required the 1 root «>f [ 
Wlaot is^fcjp J ioc,» <4 


.Ans* *037037 n&trfy. 







f* r , 


t,, k 

i fr ,1 








A?" '* - ,7 \ . '» * - . - * , e 

: tr Ejctfjmion-is disoriguishaHnto tc 

v . 't A-\- V ‘ 


* jSu; A botflf or solid has t^V ^ 


1 f n 4 - ■* * ^ F k t * *», * * -> 

n '?r.* *«,./* ^ , S}f ^ i », 

3- r I lie exireJfofes of ,'4 linejare points. Ayd the^intcrscv- 


4. -v sun ace iep|M ana ^ 

^ ' ‘ ,Wt>v.\ h ; 

The boimd$ ojP*a surfac^tt\lKi^sj^S%‘^ / 

f - - 

tfS^ftsions, namely, lcn. t h^, 

< vr . - 9 


breadth, ana thickm^. 

*- j ■. . Vv M ■ / vr* . ,\ ; ,' 5 , v ’ »:>< 

' ' * ’ . ; ’■< •'‘^Lw v ^ \ J 

The bounds,of a '.ohd arc ^ 

6. A in: 1 .. 1 ! ra^ oraraig^lm^% that which 
san$6 direction htwiui iia^S^ethitics , and i* ' 

distahee bcttfee.i twc. pointa^ \ , 

^ i, ),' im \ t \ £& V * i 

■ ia?tlt|at in \yhj 

points' licing t&eif, the right li^^etvi ■ 

'that pi anc or superficies. V 

8. ' A re^jlineal angled the inclination of two 
straight Wnh to one anotheryvybte^^eet in a point 
erf m the ang«life point, 










gjifehp aw i j^it • 


'&• Taj^fe straight lines are 
the banie plane bin no! inclined tp ea^%)ger,^t ^:,^ 
or vlk-n indefinitely p rodu ced -.bpth^way i : &fa£0Cr '*. * *& 
hc\lv rncetj't^^p^Cp. , ^ ' ' ' V> '‘ 

Srt if tun Ifo *»«-': 14 ft riM?Ah&rt£ffa .Ji 'fMrfSL* *' 


‘•trJcht line ti' (all in tfre 1- 

Iv i.uii. il to that laic, djfijUg&tiif/ MiSjp A'Jte/ " Stjg l v UlL 


iv i.dii. il to that I;m*, ^Tjy^iytief A'Jly " Uj jj 

fill*’ ( i.n il, th <i tv\o tines. iui^^P|ja^tiarioii.t(>'o7^ '-' **' * \ ‘ 

■mod.* i, IjuL an? paiiilk » or txiuidi^nt'; and -* !> *n .i 1 ! , ' ' & 

tbi^ing iesi&t (r 4'ui Ji a.- * 'jiuii lo edch ctliei.. * 1 - * «i. ( J IX is the distai##*' 

^ ,* ‘ - 
forties by^fcwo 'i’li > '' P 

«^^^a^pcjp^cnil\Li : *• 10 cadi otfipr^^hu*. if _ O 

^®^P 6n ^ uLr L> ^ <J eachfof^Te aii'Je-i OC *l~ $ 


n °l c ^ * t3a tbai^i^ right angte^ *a$ ."the - ' 


Ah d#l|p* angle is greitci than a right angle; sk. th 


j^CQR:;<hioac arc called oblique angtCby. 

sides of a right lined %0*6%, 


NwtJinuj, \ 




1 1 When the iMfe 3 are Arc*, figure * 

ahnnju * 

•* 

. n. An i^t&tsrt$akkri*n&l« lit titat^hcsf sides A. 
aie all equal, «*fAfcCp / Vfc, ' / A\ 

16 . Act i8qjspde<>'^|g^» tjStihat ty tegfe &As only ' j 
t*o tucks s^ual, «B. , » j /jRjf|-’ 


- k vV V 



1 7 . A scalene tmnglfc Js wtkjwstft the tfirfe $2fe, A. 


arc unequal, as C« 


IS* A right "njlcd triangle i c dut \thich lias dne 
Tight angle, as I>. 


ir 



1 9 . Ap acute angled triangle hah 1 ts in Jcs 
cute, as E. » . / j, 

o Aii ohtuse angled 'triangle lias one ohtttse 
n t 5 i** F* 




Q l. jRvety plane figure bouffcd ny mil n In 1 iks 
called a quadr li oi quadrilateral And when the opj o^ite 
<udcs arv_ respect \< K i udU I, the q udiilatc.ral is called a pataf- 
U< (ini ** 


1 ' n. c * “dt v* % par IMogran n ij all ns 

■'ll k i a< G* 


23» A q 1 1 us t jttfldlcV ^ram 1 \ i i 1 it3 bides 


MY 


equal, sn^idl Us aligns right omi, a* 1 T *■ Vi 


I of * - -1 — 


! 2 t. A rhomb tl j- ip dbtique irn’ d 
gr.u^vas I. «w 

/ rhomljfcs is an eq ilaucnl 1 mibcud 


Jlj^l 


X 7 


a* 


K.^‘ 




?6. A trapezoid is a 
j-aullei sides, as L, 




r:ms 

mk 

wmim 




■w-v- V--*u4t4 


IggpgM 


: w 9 ‘ : Tli§r '- “*? $P IP 8 ** 1 * . ' . • u X 

qr tri«nt|lfr^PS^ 'is siippo- ' g . R ~ 
stand, is called jdic base; and the •'■■ y|V>V 
j^rpendieular ST; falling thereon from the, X-f 'XX V* 
oppositeangle .it S, is called the height or alti- 'X* ^ ?''-o ’V' 

twlc of the paiallclo; wun or triangle. c . ' ii > : . - 

Tli- perpendicular ST is ftlso> called, the j distance of the 
point S ftjm tj$ij Hag, PQjL pp ;jtj^.idista6ce of ..tlie parallels 

sr, po. - f r*;> \ X 

' 1 - *■ fnh ' ' ' v< * 

t ' ;'>7 _ 

30. All right lined plane^gur^tiaving more^han four &idcs 
ate generally failed polygons,^ Atrd a regular 'polygon ia one 
Vrh- «. angles as well as sideaareaH etjual.’ 


. t * ' i?U r Axioms, 

r 1 V Ktf " ~t** , 

Things v-hieh .jre equal to the same tln.ip, or to opal 
are to ^arh other.; \ 

" added to equajj^ i he w holes are equal. 

f tmSSL ' . . ? X . X - ; ; 


are. subtracted TMiin equals, the rdmamder^ 

" ,,v . » a;-. 

X # 

f . 3 1. Eijha^’ whole is equal to all its parts taken; tOjE fegfa er. 
^.J4*;.,Th)hf^ vrhich art: tliejikt? parts pf the art 



.Si 




* ' .*$** 

00 Magnitudes wbicfc .tf&BtM t -with one auothci, thu i-> 
which exactly fill the identical, or mutually 

equ d m all their parts* fr s 

3 7 * All iigfit tQ one a&bther. 

i N. B. A -Pmposii^i *** fomeihiug eh^er proposed* tp be 
qr, W demori&l&Wh and* >fo uther* a problem or a 
theenfnn „ , 


A Pioblem is something proposed to be done. 


A Theorem is somcthmg'proposed to be demonstrated. 

A Corollary is a consequent truth gained ho u some picccding 
truth or demonstration. 


A Scholium is a remark or observation m uli upon sutm i T un w 
^ u i« b fore iu 

Ala m.i a is something premised o\ demonsti ited, in o d r r to 
renck i u u follows MoiC easy. 


Or iiijg Angi t s vi t ill on r-trN ed Pi an e Pig uni , 


TuroKS^N 

7* ^ /« <n/o tnan^hs \bJ, ah I, hm mg tuo 


'/ tqvul f o iu ft 
< rltb B 6 

* equal t in all 


sidx <> BA, bn / >?n rf/ra&£r&\ >t f) ' 
side\ ba> bd *>J tf » cr#rf lf /r n di d 

also equal ; th hiai'gles aic ideal c / 
respects* 

,« < 

If we conceive the trunglc p 

ABB to b» to applied to the 
ti i angle that the angle B 

i> > with tl>* angle 0, 

/lid <iu «i<fcBAJ*U upon ba ; Then the angles at B apdjb 




■ ? 'V v- 

TMftl 


-■ng supposed equal, the 
point D on d ; consequents 
it is manifest that 


mSSLZBSEJ'?! 




ir ^qual in all re<* * 


snects; and thereforfeiJpGE^ttl and lhe ?$• 

ahgles, d. t&~l 

:0tivdy. .#*' ■ ■' ‘ ' i:£; 

'Arid in a — - Jr ^~ 


g les are i 


Heal when the jk^drmbuid^a^^^^^lB^ (A, 

z 3 d) are equal,'~wBt‘if ‘^pl^Wle is supposed (a ^placed 
upon the other so that tti«K$efj adjacent angles coincide, . 
the other sides, aud also "Ifie^twO vertical angles, must coincide* 
Jftd will there For^ be rcspccti\eJy equal. 

,** ■ 

38' 7 . The tntglcs which one right line make with\ atotilfaer 

er? fhe same suit , ae together equal la two right angles? 

** *; * „a*, 

Lr t the line DP men the line AB in the point * 

P, then the two angles DPB, DPAare together : y^X% 

T V.. ' ’ 's' 


equal to Ivvnjdgllt angles. 


"O K 


If the anglts are equal, eaclf will he equal to a right 
Jl.glf(lO). ' ' 

B >r when tney are unequal, let PC be perpendicular to AB* 

1 nen the th-cc jn»'ca BID, DPC, C PA, together are equal 

to two right a ngks ol), 

^ - 

^SfJpaat the tv o angfo DPC, CPA are toguuf r equal to the an- 

*jg;fe DfPA. 

.'sC^fhciei the iuo angles DPB, DP A together make two right 


“jfyfal? ,'i* ' V.JJejicc it appear^ that all the angles at thesireg^ 
point £Pj UU |ite sinie side of a right line (AB) are tpgethetH 
equal to Mrf/ tight angles. And consequently all angles 
that can be made round a given point (P) arc to four 

JKMitancs. 4 .. 


u n 



1S« * 


n* 


Coo/. 2. And if two angle* DP B DPA oifoh ir'ts cf 
ihc lmt DP dt c together equaho (wo i g i a l, ihui (Ik -i i 
* PB f I A Ac one continued hue. 


* 39. 7 / two right lines tn ter sect each other , Me opposite 

angles u ill be equal. 


Let AB intersect CD in the point P, Thui 
will the au^k APD he eqiul to the angle BPC c 
and the a t gk APC c<p 1 to llu angle BPD. 


P 

t 


/ A 






Tin* miMit have been admitted a ■» n a'loir* 1 c 


all tlu. parts of ' 

' r ht liiu Ik 111 th 

n 1 1L dlHC 

” x \r 

seg iiaih I’D# 1 !-• 

» h xv o tl l 1 j1 

1 \i\< n t > 01 k mo 

•hi 1 1 in g 0(111*1 PC, P V 

on tl i) 

itk ot 1 1 

1 ol 

in uscCUO l; ( 11 latHIv tl 

nut i ) 

1 upial 

r 

hoW^wT, 1 suxP t* 

11 0 ^ 1 

l< 1 tl 1 



s( (he y” 'li 

* ’ 3 (' 

7* PI) lit 4 


1 

11 ’ i an 1 1 0 t it m 

1 V ’t . 1 

PC t ipt tht ' 

1 U 

1 \ ' , ' * 

♦ •“! 

1 Ot 11 ' 

, igk APC * 


1 i 

-si 

1 , t U 

» 0 1 * r 4 

'll 

* 1 O ( > 1 1 1 

1*1 t 

U 

P 1 j 


i t * 1 1 1 » 

s C 

1 PD 



i'/ J 1 It w 


7 r 

t . / 1 

/ 

/ f (J> t , 


» 

nit 1 1 

h 1 

1 ' 1 


li 



K ^ h 

. 

A r, 


1' 

Pi. PC, 

\ 

D, it 

1 

/ 

Because tit ' ik 

t 


1 

~<f 

u 

PRC, iu r v 1 

( ll to 1 1 1 3 

) 


of the (mi h P o7, 

1 t 

*>* 

S f P al n 1 

(3 0, tfc* » 1 u«i d 

1 

n 1 1 

, 1 t J the.ifo t a. 

«ngh‘ oprto t the m 

1 

> i 1) it , 

<. c 1 ul, (h it 

Is, t iC 

-rPM 

s 

P \(i 

r ( P xCf 

"rt nei 

^ ih* angh PAD. 

Mil 1 . 

f *L 

f l 1 l( l ^ »t 

1 PRC 



THEOR)t*Kfc-- '> .... lf>7 

* V \ v‘- A 

\ftC. l,i tin «i,me lnannefr/ifclfoe produce &A* andbi-ect 
VC, it 1,1 iy Ik , 10 veil that the angle CAR or its equal BAG 
i» r t uer iliaij ACB. 


46* Jfftp'o straight lines in Iha ,scm% pldite intersect another * 
straight line, and make the alternate angles equal % the two 
lines are panelist. 1 /; 


T-ot tlii; hoc* AB, CIV/ intersect QS, and 
"uakc .1 .* alien ite angle*? APS, O UD equal to 
eavL* .in r ; iliru AB ia parallel to CD. 


<ii 

O C A 


I t 1 it Ik n it the lines AB, CD are inclined to one 

ai.Mner, and wilt meet when produced, LetO be the point of 
-:oni om ; iu« ii RPO ^ a triangle, and the exterior angle 
flU) or ORD I* -»u uer than the interior opposite angle OPR 
( jp ,4 ),but it is * ',i. .* io it (by construction), which is impos- 
sible, ilujoforc Use line- when [produced do not meet on thar 
side of OS : and m the ^aine manner it may be proved that they 
• mi 1 rot meet when piudtvrj cn the other tide. Therefore Use 
ijm"' a t ° ['‘iralli’I. 

‘■.d -ii ■. i> . : * h r'j.,.i* l v 'dr’ii . n.it-i 1 \. — If n 

< ■ ( ) s /’ }\ i f in,*} j.tn lift h /*. > { A 1C CD;, the n tf< nnfe 

r, • it'* M ,<n '^M) : u *' '■ * th '' 

Cf>r->‘ . 1 w •: ] >rd !D . v’.imh.. ■ , :«.wn from the same 

l oint . 

C»*>t. 2 IUv i" the angles APS, SPB together jk* eqt\i! to 
twe rt’-hi <.•* <1 QKD, Dll S .V < jii.d to t .v c * right 

angles* u«e u\o vis;:! s RU.P. DRP t-y, tl t s will make two right 
angles; ibc-cfoie si two Mt.uglu lilies » BP, DR) in the. same 
plane, meet another str.iiijlii lijie (QS) and makefile two inward 
any s. (RPR, DRPj together uju i) to t*o right angles, those 
two hues are parade!. 

. CW. ^ Hence also, it a sir..' -lit line falls upoiMijc >,f. 


t»S 



ceo**' : i\\ 


several parallel straight lht$f s in gi\cn aiv»! “', n v ill intersect 
the other lines in the sdme apgks* 

41 . Tf one side of a triangle le produced, the exterior or 
*.« outward angle, tt : i l be, equal to Loth the interior opposite 
angles: and * the tftr^ interior angles of the triangle are 
together equal to two^ight, ones* 

Let the side C A of the triangle CB A be pro- 
duced to G. Then llu exterior angle GAB will 
be equal to Loih ihe interim oppo-ue ^.nph'i 
ABC, ACB; and the antics ’ABC, AC13, 

CAB, together make two light angles. 

Draw At) parallel to CB. 

Then l>ccau*c AD is pa rail- to Ci>, he angle DAG a 
to i he angle ACB (40). 

And the angle DAB is equal to the an^le ABC (40)* 

Bui tin two angles DAG, D \B !»■» 'her constitute this 

v trd .i,:g!e GAB. 

r: ■ *; !'iit , fC * .< r ao 1 (* * .. 'v .! Lw Li jl.i the 

anp!oABC # '( l l> 

9 

And buice tV i 1 -m» .v u s DAG, DAB, BAG, together 
rnake !w« • ihjhl a*. ,* x \- ,n. s* *'pi ( * i \ t lv t Li time uS lh<' 

0’i‘v 't » r u , 'twrle C B A ; iVi Gie th'* mm of the 

C J1 ^ • i ' ■ f<; . A ».f i langk cqiK>! ’o i : o rijh* angles. 



C\ n L 1 . D f «’. * i* T # i. n* e bot.M vn an icMor angle o( 

v triangle ami ' 1 . train, »»p'- ,, L h L equal to the 

other interior oppugn* • le. 


Carol . *2. I j t nee abo, 5t on^afigie of a triangle be . right 

angle, the v/tn of the utln s i * o malm a riolu one. 


45 . 


11$ e four intvati 
r*r: 


fo.je * nf n rejfig e fk , 




n/ evenj ri fd lined quadric 
iyh f angU ♦ ( » 



f H F OR ESfSV ' 

• ' 

L> i A BCD W a <|U«> Jri lateral* Then the stun 
i,{ t!,<- j noil’s at A, B y Cy D, will be equal to 

tout right angles. 



Draw the ciiagon 1 ! BD> which will divide the quadrilateral into* 
two triangles BCD, BAD. *: V. * . 1 ^ 

Then because the angles of those two triangles make up the 
four angles of the quadrilateral, and the sum of the angles of 
both the tiianries arc equal to four fight angles (41), therefore 
the 'iindt *5 of I lit quadrilateral are together equal to four right 


Ot'ii. » fence d 1 wo ingles of a quad ti lateral make two 
t* jlit ci'igla-, rhi* mi in id the other two will also be equal to two 
ight angles. 


<3 The sut'* tj t {f 'he In fen nr angles of am) polygon /* 
yiuf to twice a vio\j .*j*J anpleSy wanting four J as (hr 


yvn a has sides. 

1 et ABCDO be o n d_'g*,u r ,( r 

; * -n ihc suni of the ] ■* at 
J < -« w ill he -\;.u I il» - . 1 *'t . 

Frnir* :• 'in* • * i » 1 * i* » ' ; 

the ar.' ^ ’ o' ill- '* u--, " huh w 
angles as tin feme i* .* mJcs, 

Now ;dj the vi” 1, *■ o r tne tnan 1 
as man, r ght a.whs -e. then 

has sidc^ 


•*/'* C 



: i M fine' 1 1 d. ivn to 
!i Ji\ • i into a^ t.- on in 


l " m* t"L»* But equal io twu’c 
tri o\ as the polygon 


Buf th< jp»Vj of the tiungle?, exclusive of the angles atP, 
which iiKikf* four right m'.-U • ( It constitute the interior 
angles cf rlh. rmlyron, and ihcnJose tho^e angles together are 
equal to t\v>< a-< many nght angles, wan mg four, a^ Hie po-* 

Jj^OU has 



lihJ ' ifeOMETR/. 

11. The sum of Th^ exterior an* Us (a AG, £BA, &c ) *y 
an >j t'of'/gott, are equal lofi^r right angles. 

Sj i ko the interior and exterior angles at 
each angular point of the p^lygou make 
tvi o right angles (3?&\ all the h 

interior .aid exterior angles ittttet together 
make twice as many right angles fs the 
figure has angles or bides. % ' 1 j 

But i he sum o! al! the intt ' ’ • •/ f4 l< -s utc equ.d 1 > i : ,* < :i: 
many right angles, wanting ha r, .is tin. Jhmtc has -» h- (: 

The re Tort the dil.' o.-nen rf ihn- - . , or hnu »> hf angles, 

h the s um ofc the <xLr»m anjrii - 

40. The angles oppiWU* !'\r a/ l / * !e\ "/ < '/ i : A s ,% 

tnrjrje are al s» equal. 

If ARC he an isosceles , b ^\nr the ■side V \ 

3 \ equal to the side BC. 1 1 > i ih" at A ' \ 

uiul C arc equal. / \ 

A. " i 

Suppose the an*' . \nC '■/! • ■ f « * \ th» i. \ ri,\ Then 
because RA _ 1st', and A . ] . *P - th ' ar*o v ( B!\ .a.d 

the ride BP comn.on to ! . >i 1 1 i'v .Margies APR, ( Bl\ ihn,. 
irianulo wdl ih* i fore N l .• ta 1 o' i-<;u'U in J) M-qua 
tad cm" ^.noiiiv wii* have th* a,: 1 * ..-at \ »ud f i m «L 

Corn l . 1. lien**, the lim ;1£P) V which . t- the wrlical 
angle (ABC of an : e< it *> h aiu>h , b»- . ile base ^\C),and 

is aWpeipemhcula 1 ‘o n. 

* 

Carol. 2. And if two -mu*-' d a ! < -...glc be equal, the 
rides subtending those aiv;!^ w rti fe. V i qual. 

Carol, a. Hericc aLo,> wm\ croiVa'ral triangle is likewise 

cquiang^ar* 




i m , ' lyl 

* Nw 

% ' - 

]j / \\ J of ore triangle (ACR' be eqnn f tn th< 

\ide\ f rt'ta'ht r ft tangle ^\CD), each to' each ; the 
ot'pf Mi tL r Hi c sides are also respectively equal* 

The truth of ibis seems sufficiently evident n 
from Ari. 3S, It is howeve%^J«s4ion Pirated ‘ * /- — 
thus:. • 1-^,. ; 1 '* ' - • D(/ "" 

Let a side AC of fine triangle cdmewle with the equal side AC 
of thi drill i . iheu AB :i AD, and CB ~ CD. 

Di,:u r.D. 1 1 \- U lit ■ lime AB AD, and OB CD, the * 
tri.ji-li ■ \ P .J) and CBD .ire i uncles, and the angle ABD zr 
ADI'., a. ! .v -Ce CRI) CDB(46): 

• Vot ' x\ ih- rjuil ,.n I- ^ (T>1>. CDB arc taken from the equal 
aii'»U^ ABD, ADR, tin t"o icuni'nders or the angles ABC, 
A IK', ki.i .1 aL-o n* n 1 d v V>) . 

i A:, ( >r, the •‘ides CI», R and the included augle of one 

tr 1 1 * ** it , \>i inn resp' i ujtial to llu* sides CD, DA, and the 

i x -d d angle of tin- oili. i, :oe tw' s idrulrvri 

i', „ i • ,i*M.e rii< a;i * DC V 1H \ and die ane.h BAC 


f . '[ t ! • i " 1 /( 

ABC' 

r ‘ ft tn ' / 

* i < *t i 

/it C ' 

1 1 " ' ( C J 

/, . 

/. ' ' ./< (Aiij. 


M .. - U\ C 

!i iw * 1 

t ; 'i h- - 

f 

hceau i \( » AC t ' 

1 1 ! 1 Ti' » !. 

o CJAC i 


isosceles a i 1 il»e .u \ > 

ACO, 

ACCai. \ ■“ 

equ i! p i‘ 




Jliil the I’XttriO 1 ' male 

ACC i.l 

I the tiiai. *ri, G C 1 « 

,5 equal to 


both the GJiU, GCB 1 1 . : 

Therefore ri«e ia i(‘ ACO (equal to AGCt uhic • is nnlv a 
pori.pt the r'Ugk AC B, c\e<.. <1-, th* a. gh R ; vi) cquontly the 
whofe'auirli A 1 ’ B R - re iu *■ tn «»■ B 

w. the lungi-L side of a. triangle isoppos.l.* th*- 



192 . HBP>metuv. 

" .w ' 

greatest angle? forJ|f^ 

B, except AB i'f|^rtger 

48. The shariat line' 
point (Pj to an tndejijiii^. 

^Whkh is perp^j^, 

| r jjSuppoi^tei$ t r .. „ , . . 

other Ijtafcjas PR, 'Ws&ri&frci 
! wflliwi longer than PD. 


that AC B cannot be greater than 
C. 

fa he drawn from a given 
is that right 


3*^ 
X '' 



i> li 


vt 


' ' V. * 

' , For the right angle RDP of ih triangle RDP i» gieater than 
the angle PRD. Inca use the latter with ihc angle P aic together 
equal to a right angle (41, 101 c? therefore I'D I : 5 n than 
PR (47, coroL ). 


O* tiu CIRCLE. 



D & t t n 3 1- : n N b 

40* A ClRTi F a plane fi Miri hounded by one rm\* Ju«: 
called its circuit ifcruio.-, which 1- uerv whu* j, 'i 1 di, i m 1 
from a point within it railed the centre, 

60. The radius of a rjrcle is ihe distance of t3 * ^ 
centre from the circumference, i hus if C he the 
cun re, CR L the radius* 

iV ^ ' , 

61. The dumeter of a. fright hra dr.i" n through 

the centre, and terminated hv ti^fchetihiftrcijce and 

it is twice the radius. V* “ ^ j j4 /•* ’ 

... 

$&■{& An ar^of a circus any part of tlic cjiiweprrfe rente; ^'r 

SSt* ‘ ' ' * '^U ■*„- M _ y f T '^ v V® , 

* ' , , ' , " 

^5) ..33, The cJbprdor subtense ofan are AGB^*’ 

It'Hn line AB joining the exlretftijf*^ J 




DEFIER] 


54. A segment is any part 
its chord ; as the segment AB< 

55 , A semicircle is 
, HalftheJ 





CEOM h r J 


h . iij ■ . ’ 1 i u til 

?<* In j’l i i ih< d in I ho figuic. 

ii 1*1 io perimeter of a figure is the Mini of J! rid. -■ t -V ii 

’itij.” l! * v i - 

<1J. Wlu n two right lines AC, BC, form an angle ACB, 
and a urtle is described about the angular _ J 5 ‘ 
point C as the centre, the are CD i^tgrrcpr^I / 
by lho»'c lincb Is tilt- muasuiv of rin anVle ACB, ( f> \ -a. 

the whole circuuifeiciice of the art 1»* hang the / 

measure of four right angles. 

To 4 M 1 m. 1 l ' 1 the <»p» meg o» magThidr <*i ,ui a"gh, 1 J • * ro* -i i - 
of tin-* cir Ic i» sippobt'd to 1 -■ flivi ini miu .. .'i pai ■ i.'tlrd ■*, 

„ml ( dUi ill those (K^rc'-j ui*n oil t tj.i ! pi, Is call it u i>"!i - and i i ■ 
niipuit* Into 00 st'o'ul ., &,< . 1 la . . ' • dh A d. ■ t • j ' j.d < li v.. b 

'riiis if (hi' tin iiniti'icixe -WIIJK i-diwdod niio !> 

«,■»,! parts or «!t§ui*s, and the dianH.li'is A IJ, (*11 inlet* 
r»(f < *u h oilier at iu*ht c.ngli*', ilu* points X, k, J), 

A«:Ii divide the ninimfcmu c .nto * 1 < t«|r.d 
‘i * i i iU’Ii ; * 1 n cl t a h of 1 .i * .it f! ^ < i , ii» (J ^ 

t, to be a*i d:i*di to ' *i ■ . > v. 

l i flir -nr O’: i- >!o • i • ■ , e oi ' 

IX u >ol! bo i, 1 -‘i 


"M - ch" d 


/ 


XL 


Tim on km a. 

. . .*,* i. c of a cinU: (nsnt* •• » 

. , / tvil! 1 < ■" <ttipie\ ib it± ftnrt '• 

rn k)\ / Lit f via > 1,1 <> ill la bhvvMKl htf h r 

c.Vo/ 1 ’ rjdlit 


N 


/B 


Ji 


let 1)0 thlfeciiire of the n - ."ui nohnvd; thru if 
the radium CK bisect, ibe chonl m tut pom' D, CD will be 
pcip'.'tdioular to AR ; un«l the uic . . K cqtul to the arc RB. 

Di.VtA and CB. Iba: hc.'iuse CA *s equal to C B, the 



i £ j v Ai 3 • 


t a 1 ul therefore f 4*3, iiO'd. * / ^ 

i : ,! v .i -A ACli, and i- j^jgcadicolar to AB. 

A-A l '-' - :!k; erev All , RR arc the mr.wu -> o: ‘ 1 *- b 

< jr- ii noyi^ ACK, BCR (f3i) a they must ihereioL.* he mjimI 
i aeh other. 

*' Hence 4 right line \yliVPh bisects any ch wl at ri^hi 

angfej, will posfe cegfre , ♦ 

Co. In a circle y equal chords are equally r $ist&ni ftfyfti 

I/t’i All, GD ho i‘\o equal chords m the 
i, irrle M-nire R C ; ihen the pirpuidicu- 

- CP 3 CS drawn tiom the mUie C \\ ill be 
o<’it iL 

l*..' 1 . ire radii CB, CA, CD, CG : then lh«>^e radii hti.s' 
v' jim l, *ukI II A equal to GD, the ui angles EGA, CCD w \W - a 
:di! ’il, or equal in :.!! <vqiic*fs [ id » *, and because thev au 
■■ u hi ’ 1 s t the perpciidje .lain CK, ( S ■*;!! bisect BA, Gl? AC, 
vr. 1 : hcnii i he tnatnji * BCJi, RCA, ,:CI), SCO arc kirn- 
- oil . i'i| ,i\ (JR -■ t S. 

1 ' 4 * A i.i .t - i i !•* .ip;*i' ,, ; dj.r a ;iL /, >» s ra ■ (•<. "l 



'>* - ii ' d* r '» AB* DC 'i - < { -v(/' • ' . / ui 

?/^A or '/ r / i* ; IJ Jftlf circle, hos'n .u- (, 

/?;■/’ ; A ' # - /b ni Jed through ihe fi<jtn r of mu \a> 
l\ d t • - M** oMer /we AB A //»«/ pn r - ; 

Dra\ CO to any point in P Then CO being greater Loan 
CP (4’>), .he point O im, » ■ warily tali / ,, 

«Ts 

«o pact of th; tit Je, but Touched it at P, iu* 


v% i tin'll! t ,j . p n»']o 5 ami a* i...:*Onc reasoning ^ ■ 

holds good req.ict io e’ertr other point ( y 

in PB oi PA, it is evident thu‘ A B cuts off V * 


i v n 
\ 

t 


c c « 



CttOMETR^ . 


the rat j t • 


m in *\ t in 

H<dit dtU h . 

Ic and 

:o 

r 

"s 

vJ 

a;c 



in the hue DG. ■ ^pd.that AB h a tangent to 
thejnall. ■ 

. .. 

^X)oroi if two circles lond^uiwardlv or out- 

^raly^wtbc^r.cenlreSf and the point of contact afs in the same 

right line. ' t *; ' , , , y T '* < . H i>P ■ 

, 1 » >* 

68. The # nglv fo rm e d ly a tur*cut m and a chord drawn 
from f he point of contact, h measured by halj (he arc of fh'n* 
chord. - ,v 

Le^ RS be a tangent to , the circle -Whbg& g.Il ’ y 
:tntrc.is C;* and' PA a chard d niw.n ! A HJ 




centre Js C$* and’ PA a chard drawn! fa 
point of contact P- Then the me a surer ' \ ) 

angle SPA is half th^ arc PGA ; and ..>A 

sure effathe angle 11 PA is half the me PlS§ftV * r «" 
jth&t i?, if a circle were described about thfc ci-iun P »■ th tl c 
radius CP or CG, ihc arc mterccptul by VS and PA w.* Id he 
1 equal to half the arc PGA, and the me imeueijuc! h\ Ptv 
PA equal to half the arc/PDA* Y' 

Foi \a the diameter $Q<i lie? drawn to hiscci the choid PA, 

and join CP. ' . ' V ' . 

“• f *'$*:** » ■ « 

Then CNF is a right* angle the aivA^ PPC. SPC 
are also both n<*lii angles f (67 r . \ j 

Now t angled? :n t , : de CNF, • 

, acute anglei h l to » 

mm } _ OS , * . jjfe * * '* > 1 ‘ * jMi 

J?Wjl ■■ ... 

But the latter’ 

* - . ‘ F " r 

nukdfa right angteCPS, 

v * ‘was#’. 


V- 

■ r; * ‘ - < 7 ' £ ' 

'together witjjube.’atogle APS afea 



T Tirol EM 3. 


‘ 


r» 


1 !i. ■ I ,, 1 Jk' r^le APS U equal to NCP f:’3' 
tl." 'u rG PGA) b i he measure ol the angle PCvi* 

/> m i -» ! ,'!-!» lx ilk mc.iMirt ol lb. offtt.il APS. 

Again, the v ji ru.il angle DCP of the triangle CNP is equal 
to Loth the nn ard opposite angles, or to the angleVPN and a 

g# cxp ( 41 ). 

, *• • '* , > 

angle CPN and . 


- -And the angle^S 

9. rioht # ***.'^> 



a right angle 

Thcrcforerfhc angles R.PN^lfCP arc equal, , ASS v ^«k^^« 
arc PD (half of PDA) is the measure of the angle 'DCP, it is 
also the measure of its equal RPAi' , . 1 t 

Corel. Because the arcs GP, PD together make half, the 
circumference, and the sum of the two •’ tingles ■ <RFA, SPA. 
t.jti .! to tw$£$itf angles, therefore the sum of two right angles 
is i.icai 4 l r s^M^i¥' the circunifcrelicc. ' 

Cyij/ at the circumference ofacirtleis ^measured 

: >/ h alf the arc 1 ifm t subtends it . 

I .( 1 frp\be ait angle- at the circumference. 

Tli»*.. i,ail the tre GA is the measure of that ^/- \ 


\ 


sJu 


US is a tangent to the crGo at P* 


Then the sum oi the three abg^at P a ^r two ii/nt rm&Vs 
is meiMirui hy half t^c^ireUmferencir of .the c Jo v 0 >, i crvL ' - 
* |s ' ' , ^ r 

O 1 , I‘ t It*. If i he cmcumfereJiceMs half the aies PG, GA a AP 
. added together., 

f >' ■ ( 

' RPO v uk assured by half the arc PG; j«wt 

A the ans»io SPA by halt tlie^irc*AJf (Jw): 

rV v ~ • . 1 *. •'"*% : J - 

1 ’^ake those, ty/o, angle 15 from ‘he three angles at P a and there 
.teiuaim ihc angle GPA. 

And^^ v, thtj 'iiied sur|S of thosc tvyo angles, or di t ho sues 



GEOMETRY * 


19K 


1*G, AP, from lulf the circiimfcn m c, nntl iiioc i-ir., 1 ; h'i’f 
lac arc GA for the mcasuicof the remaining ,m> U* GPA, 


~ 7(K S!H (nicies in the samp softment of a mJc 

wg on the same arc, are equal to each#othei . 

X-el GSA, GPA be two angles standing on the 
same arc GA, ai>g^be ^ttal 

to each other. 


01 s land- 


•t & ® 







' > 

For efyphr&f those angles is measured by half the arc G A (tit)) » 
and consequently they must be equal., 

Corel. Hence equal chords in a circle, subtend equal angle? 
at the circumference. 

71- The angle, at the centre of a circle is double the 
angle at the circumference when both oj (Lein stand or !*/ 
same tirc t , . d 

Lr't GAC be an angle at the centre, and GPA . ✓ — "f* 

an angle at the circumference. Then the angfe* . / \\ 

GCA is double the an -li* GPA. ’ A 

- yj\ 

» 

For GCA h measured bv the arc GA ; and 1 1 ; mv’e C, PA 
Measured by half that arc (OyJ, therefore the .i-i-! • G^A 
must he Amble GPA. ' • 

Oil imt r ‘?e ihusi 

Let PO he di.nvu through the centre C- __T> ” 

Then the trim- :!c, GCP, AC° being isosceles, ( /W\) 

the angle CGP M-iIMm equal m > Ia .ir, fc h; C1 j G ; 

and the angle CAP equal, to CPA ( •, -j. ■ ,t- ■» J, 

^ > /f . ~ vs * 

. An * 1 1,1 "« w ,he external ai^e GCO is equal -to both the- , 
inward angles CGP, CGP mi l, it is therefore equal 

to double the angle CPG. Ami foi the same reason, the 
externa! angle AGO is double the angle CPA: therefore the 
.viu.lv, angle CCA is double thewhoje^ngle GPA. 



T.i. :'> 1 U MS. I'/J 

Vj. GPA /v a semicircle U a rig}** up d* . 


Ftir i * i- in* wind by half the arc GDA or 
bill a -iJiKsii 1 ! ;o*)l, but ball a sciuiciielc u 

illf masull ()| ,5 angli ( 01 ). 



unojc \\VG forvud hj the langent KP and ti'z 
*cAor/£j|j^, is equal iQ the ultem&tfi Mgfe PAG standing oil 
the same chord PG. V' 


Foi the angle RPG i* measure J by half thirirc 
PG(fta); and the angle PAG is measured by 
h.df the fume arc (oyj; therefore those angles 
joust be equal. 



*, i. The oppo. sU<* angles of any quadrangle inscribed ni c 

chtlt art' Logelht ( equal to iuo right angles . 


l'or the atigle P is measured by half the arc 
CAR ; and the Single A by half the arc GPR ; 
uiciefb/e thfc sqm ’ ol both angles uiio! Ik mca- 
. nil (1 K\ irdf fie sum of bmh arew or »r, liajt the 
« ucimili rur. e. * , 



*bi< h it tlu Creiimkmni t. is i he measure of two light .in- 
gle,, - <; u mly liie nvpatite angles .twctlttr ate equal to two 

i ii- ht t .i »»!• 

> JJ a dd< L A Jn quadrangle ins<rdcd in a tirclt If 
produced t the e c */i tioi angle OAK zt ill le ctjuu* to tin inn aid 
epposf . . , v>ric 

I* oi Pm an*xte G A R wiih ;t; opposite arailc 
GPRlogethexJaiakr two ngh a« gles (7'4); and 
the" same ..i* t , lc*'OAR \vuh tl^y •exf&W. angle 
OAU au.ke t* o rigjji angles ; tticrefcffie by equal 
subtractnu, tbc angle ()AR cqrstl to the angle GPR. 

70 In r circle, two pantile l chord* AB, CD inlu^'pt 
pq uni arcs ACj Bp* 


T Y 


JL 







GEOM L ri \Y. 


Join AD. Then became A3 i> paraliJ to ^ 

Ci>, the aherndtt* angles BAD, CD are ujoal 

. to «\ich other |H>); and therefore the arc BD \ J 
, is equal to the arc AC (70. carol .j. 

77* I'h a angle fo lined by ti"o chord* A3, CD, intersect- 
ing ew h other ut a circle, is manured by kalj the 
' intercepted arcs .. 'i ^ ... ’ 


: Cli bs 








iife. 


. anglp of'mtet’section’DPB is e(|uat .. l>{ ' 'i* j 

to thefugte^eH j$)i w,hidi is'D&’eusured bf& J 

lialf thuarc DBR ^ 

Ri.t the areJjR is equal to the aie AC ( 7 6 ,, ; therefore th* 
aTc DRjR is Wjual to bqlh the i ai erected arc . AC \ con 
sequen^^thii angle IJCK, .,fsv ju equal DPB^i^ineasim cl by 
half tiic sum ' of those ar&fro * . ;r 

‘ '' ' : v . -■ . 

7^. The angle P without a c'n \V, Jpi me&J0$WQ secants 
, PR; PA, if meusMid ly half the dijovnce of/lii in twee [tied 
'' ara DC, BA. V..:V v ^‘ 

. *v - ' * 

£el CR be pal .lie I to PR. | :•'£ 1* 

+- V \ t 

. ; .l^en because equal to the / \ 

diflSnve arcs 1 R f , ^ j 

the ai * is the mcm^t'oi the 

an^k 1.0A, or. of its equal BPA- - 

< j ■•„ 'i ; 1 >• 

79. The tingle P J owned by the .two tangent* PS,‘ PA, 
^ensured by half the diffei nc& of the (wo i nl a c ep Icd fyi 


GDj GRD. ^ ^ 




Join the points pfiAiitiet C, D ; and let r A V ■ 

pit ij' „ Jki .o pi #BS|L' ■' ■ ^ 

■nm i Txr* ‘ ii... A * 


Then because DR iipafSllel to GP, the ^ 
vJDR is equal to DGP (40), 



THEOREMS. 


Ml 


KlA. \h, moli* DCP is rnca-ur?-! hv h'llf the me Of) 
a rrt r\ H. I C ,r.!« bv li.H the jiu: GR (Oy ; iIkh.u.c* the 
an i CD, td’ ;i i c equal : const tjiientiv the are III) is tha dit- 
ferenM. nl ,i ■ i.it.’vipi.-cl^os OD, and GUI). 


But liilf i be ,»r: RD k the mea^mv of the angle RDA ;6S), 
and tberdou* ihe moa ,urc of iis equal SPA. 

1. From this and^J%S|rccedmg theorem, it a; '.pears, 
that the an-de formed by tjfo a tangent ami a 
•*» r ml is <• (so measurv.t! by halt the different ty'o inter- 




art'*. 


C-i 




a 

4 «■ r fv 


iJeeau ; 


v enbof the angles POD, PDO, is mea- 


*nrej by lulf ih** .|, < t D ^ n , those angles are equal, there- 
f u- PC PD; K*ii 'o tin* tail'll. ills drawn to a circle fiom any 
point without U, ‘i • <iu d io u< h other. 


n ! 'i nr 


MTV OF P iR MJ *! uL.’, v . A\D TtflANCLl*. 



' o ’(iqonal DB K .f 't pn } ''lelogram A3 CD 
it A?- ' . ■! . u d parts or tr’angie* \> DCB, 


For t!i 1 ansi! ". ^ ! ;he two triangles! DAB. DCB 

being ve^Aei.^i V • ( ral, tad) tu each /]Oj, anil 
the " DA common to both rriaiw*. > thoA. !ii- 
smdes wif un'iifije b r sdeuWil or cry *1 m all re- 
spects ():*}., 



* 

12 wr i; K » oppo ’i..* of a parallelogram are re* 
ipectivc ly ery.tl t * s aeh other. 


81. hr/ rjH line Gli hiocls nr dir ides the dnia 'ml DB 
' * ^ 

cj the paralUlngnim D ABC hi to two equal parts in O, u will 


Vi)L. U > -l 

if 


<0 u 



geometry*. 


mho divide the parallelogram into fivo equal parts or trape~ 
zoids DA Git, BCRG. 

Let GS and NR be parallel to the sides AD, A C-r ’NJB 

twi 

Then because the triangles GRO, RDO are 
equiangular ( 40 ), apd the side OD equal to the 

; hence the 

u^^Rdi Vtdef p^i^l It leu?: rafe' SGNR mto two equal 
triangles GSR, GNJBjS^^T;; thcutoic as the pa rail derail is 
GADS, NBCR are equal, the trapezoids GADR, BCRG, 


each consistmg;pf two c^ia 


*>, must also be equal. 


/£■/'-/ “ A. 


Co roL , equal to DR. artfc&jfeGr jpgothcr, 
a trapozoi&(^^GR) p5ft.il ! dograu^^ basfe is the 

pjium of thepai&lkd sides' of the trapezoid, height 

* is the distance of th rue parallel «idcs. j*\' 

' *x 

Coral* 2. Hmcc ail r»l»t 1- in ^ that bisect the diagonal of a ^ 
v|»i|^illeloo ram, and an tiiuuuaicd by liie sides, are also bisected 

by the diagonal. 

* Parallelogr&M&l&i?! Ti ng upon pfcgJamc fatse, and 
between the same pardtffils (or having * fltjutil altitude bj, are 
equal to each other. S 1 




: ' j^pt RB be par.dK l to DC> * Then the pa- 
J>RGC is equal to the parallelo- 
gram D ABC. kl 


For DR is equal l^A to CB; 


AB equal to each hence if GA be added folgg 

RG, and .iB respectively,^^, will be equal to GB 
therein rv the sides of the* triangles DR A, CGB are reaped 
tivdy equal; and consequently the triangles themselves must 
rdso be equal, 'At*.,. * < 



Tni'OKF.MS; 


*03 


Now the triangle DRA being taken from the qmdril acral 
DRBC, the remainder is the parallelogram DABC ; and if the 
triangle CGB be taken fmni the same quadrilateral there 
remains the pnrallclogiam DRGC : thcrcfuic the triangles* 
being equal, the remaining pmallelograms must also be cqu.d* i 

Hence it appear*, that parallel >g»* ims Blinding 

other. For if *he hgtftf , 

of the other, the two pnr.ilIctogia:u$ 

base, and have equal altitude*. *' v 


82*V* Triangles * I muling upon have and 1 cl turrit 

the same parallels (or haring equal altitudesj , at c rq ,al to 
*r(uh other. *. * 

•'* . 

T.ri RB be parallel to DC : then the triangles A li 

DRC, DBC^re equal. . 


Draw CG t DA parallel to DR, CR rcspcc- 1> " C 
tiuly. Then the triangle DRC is halt ti.e parallelogram DRGC, 
.*ud thi t.imgle DBC half the fun ilelogram DABC fSQ) ; 
I> .if the t \ r> parilielogtains jic equal : tliercfure their halves 
tn the tan li tangles imi> f aRo be cqutfh 

Cxi?*. \ \ . A triangh* is half a parafieh'gram of the samllbaat; 
and ait ''ill. 

fjxrol c _\ And mangle* having equal bases, and altitudes are 
efjual. For it one mangle be applied with its base upon the 
Base of i he other, the two triangles wli! stand oil the some base, 
and hi&ve equal altitudes. 

$3. If ACR ic a tight a n glcd trf0gfle ; then the square 
g^BSC upon the longest s i dt * ok use AB, is equal to 

*111$; the squares ACDO^ BCPN, upon the other two sides 
AC, BC. 


P* 4 
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Draw CR parallel to AG ; and join 
OB and CG. 

Because the a»ujVj OAC, BAG 
are right angles, if to each be added 
the angle CAB, the angles OAB, 

CAG of the triangles OAB, CAG 
will be equal to each _. v 

^nd sincajfai|K!y^5^^ E^f '$¥?, AG including those equal 

the triangle OAB is equal to the 

And because BD is parallel to AO, and CR to AC, the tri- 
angle AOB is equal tQ half the para’lclogram AODC; and the 
triangle AC0 equal tO'lfijJjF the parallelogram AGRI 18 L 2 a . coruL 
l); therefore the b^lviep, b^ing equal, the wholes., must also be 
equal, or the paralielagfa^;br square AODC equal to the pa- 
rallelogram AGRI. 

-%* And exactly in the same manner it is pTovcd that the triangle 
BNA is equal to the triangle I>CS ; and the square BNTC eiju.il 
tojfhe remaining parallelogram BSRI. 



CoroL Hence the difTtrencc between the square < I the hy- 
potenuse and the square ' ot either of the other sides, is equal t<* 
the square of the remaining side. 


Theiefore vlien the lengths of two sub's 01 a light angled triangle 
are given, the third side may be found b> extracting the square root. * *, 


B 


Let AC as 4> #«k 1 BC ss i : T en file square uf AC is 
16; andjhe 'quart ot BC i« 9 ; and the sum ot those 
squares is SB the square. of AB, and tin* square loot of that 

*‘“"" i,i ’ ,bt "“ S,h . 

Again, suppose AB = 10,' ajtfgTBC r= 4-J4; then the square of . 

iro, * nt the square of BC is and the diffuente of (hose squtifeihft 

77£$£ the square of AC, auc. tlie square loot of ".7-JfJ is 8j| the length 
of AC. 


If AC — 4, and BC = S, the sum of thdC flares isiBglafl the squar* 



THEOREMS. , $0S 

foot of 20 is Hie length of AB : lint the souare root of 20 is a surd : there* 
fere Attend the othei sides are incomme/tyut able. 



When AC and UC are equal, the hvpothenuse AB is 
the ch i*;oii il ol the s a- ue ACBD ; and the squjie of AB 
is double the squ ire of the side AC oi CB : but twne a 
square uunibei U not a lational square, oi a squaie whose 
l - be exactly obtained; thneforc the diagonal 

lta tncommeinurtijfai In other words, whateve* 

Sf eciu^f of a be divided into, th% 


diagonal cannot contain an (\\*fc£t $ 



1*9 


84. If a right line (DB) be divided i/m a 
parts (DO, OC, CB^ the rectangles made by the^il 
and each party are together equal to'the square on the whole 
line. 


Let AB beihe square on the lino KB 5 atxd from ^ 
the points of division O, C, draw OS, CP, per- 
pendicular to DB. Then because ffiose lines are ^ 
equal to DA or DB the side of the square, AO f 
SC, PB are the rectangles^ made b\ the whole line and eacJbf^ 
part icspectivcly, and llies.c' rectangle' together evidently constu 
tote the square, because the whole ^ equal to aJI its parts taken 
togthci. Or if we denote the rectangles aher tlu* manner of 
products*, AO is equd to DB x DO, SC equal to DB x OC, 
and PB equ 1 to DB x CB, and tire three products togetlwa: 

iqU .1 to I; 




t 200 j 


Of Ratios and Proportions which respect 
Magnitudes. 


definitions. 



85. The follow^ 
the 5/A. Bool 


mutual relation of two tmg.itiudes of tlu: same 
kiml to one another in respect of quantity . ” 


This definition is frequently objected to as impel feet and ob* 
scare. And it seems difficult to acquire a correct idea of the 
ratio of two magnitudes from the ihlimiion, < il we arc limited to 
the consideration of magnitudes abstiael lv. By the help of 
bombers however, it becomes priflctlv intef'^d le. 

Thus, if we divide the line ni migmimle AB ; • • 

3 equal parts, and the magnitude CD contains 4 
of those pirts, the relation of AB to CD U the ^ ^ 

same as lint of 3 to 1, ulmli in number;, is the ratio if the 
magnitudes AB and CD m u>pntof quantity. 

Let GH be any othcrlyfe or mn^nitiulc di\ided into G equal 
parts, and suppose IK contains S of those pait*. 


Then the relation or ratio of Oil to ETC 0;-+-m- 
is the same as tli.it of AB to CD, because ri - h>i i.i i i ^ 
GH is contained or can he t.t' en in IK as 
often as AB js contained or can bj taken in CD, for the same 
reason that 6 is contain^ in b vd'ieu as 3 is contained in 4, 
that is, because J- = J. ’ . • € „ 

Those four lines or magnitudes arc proportional; viz, AB fa 
to CD, as GH is to IK; and arc set down in the manner of 
proportional number, thus AB : CD :: GH : IK. And 
the pioportion must evidently bold good whether y^JB and CD 



theorems. «of 

are commensurable or incommensurable when compared with 

GH and IK. 

SO, Quantities of the same kind which arc commensurable 
or can be tlhided into like p.nts, or parts of the same magni- 
tude, may be compared in the same manner as \\c compare 
numbers in geometrical proportion ( 133 , 134 , arith Thus 

t&f 2 ; CD > GH > 4 j and ah— ib 

IK, 0c q ii al ’ J p36^|r'*%9Se lines* cm— HD 

tilde will c\iderlly have tlSf ifltlit' 

as the number of equal parts into > f llyf K 

they are respectively divided ; i - ' i= 

AR : CD :: GII : IK, 

2 : 3 :: 4 : 6 . 

Or AR : GII CD : IK, 

2 : 4 :: 3 : 6 . 

Or suppose the equal paits arfe again divided into 
like number of equal paits, a- 10 for example ; then AB wilt| 
conta-u 9i); CD, 30; GH. 40; and IK, Go; therefore the 1 
qua util k s or lines will be in the pronoj tion of 20, 30, 40, and 
(>'); or as 2, 3, 4, and C, tlu miik as bdoie* 

I hurt ’[ e < valent \if we m ike use of a common measure, 
as in I'i ic’iv.d G* onutiy tlu.i cf'innivM-Mirab.c magnitudes may 
be repic^cuud by number, and their j . p"»tios, as far as re- 
lates to proportion, dcrioiHrited arithmetically. In the fol- 
lowing theoicniN then for , ue shall sometimes refer to the 
articles in antlmutu wh.di treat ol proportion, in order to 
abridge the operation;. 


T nr 

87. Pfl > t /A tofn-nius A'\ GX between the same parallels*, 
cr htiehxr .G « e.- a!tntUie % ure to one another in the samQ 
ratio m iheir bases AD, QW* 
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ton 


J) 



For suppose AD is divided* into 3 equal B - C 
parts, and that GR contains 2 of those 
parts, Then if lines are drawn from the 
points of division parallel to the sides, the 
parallelogram AC will be divided into 3, and the parallelogram 
GK into 2 cqud parallelograms, because they stand upon equal 
bases (82 tt coral.) 




■XT' 

is to the parah 
paral. GK. 

A y- 

And if the basc^j^^ GR are incommensurable, the like 
proportion must evidently hold good. 

Suppose the base GR is the hide of 
a squ .re, and the. b^ AD its dia- 
gonal :83> corp A ^ = GR ; 
and draw : and 

'Vpake NP so thfrt AN $1(1 NP are commensurable. 

Then, parah BN : paral. BP :: AN : Al\ 



And by continually taking coM?m-'i-*iKablc p«,n*. in th* 
remainder PD, v\e may at Ja-st, approMim'e ncarei to D than 
any assignable dista$C£< Consequently the parallelogram 
BD will ultimately befj|g^tho parallelogram BN for HR) a» 
AD to GR, 


Coral. 1. Since triangle 51 art* the halves of their parallelo- 
grams (82?. cq>qI. i.i, then fore triangles having the^same, Of 
equal altitudes, are to one another their ba-^s. 

Carol. 2. If RK.,^and DC be taken for the equal bases of 
the parallelograms RHll^ v pi}, then RG and DA wid be their 
.altitudes: Therefore parallelograms, or triangles, on equjrf? 

bases, are respectively in the same ratio as their heights. 




THEOREMS. 


89. Parallelograms CADB, ORQP, having unequal 
l uses find altitude v, aie as the rectangles of tht bases and 
altitudes. 


Make BG, CH, and PS, ifA, 
ON, perpendicular to CB, OP, \ F 

the rectangle \ l 

AB, .»tki the rectar^^K^^^I ^ T ^ 
to the jMullelogpm 1 U> 82). r ^d 
'1 hen, because is mulrffm c equal 
recta ng I : 3 so is in.ndlcio^n'ni to jur.il^ 


Scholium Trie parallelograms are also vmJ to bf jn t$e compound TJtui 
oi li.cir Ijam*s .ux^aXti d« . i «u il C'B : Ol* denon i;te 

ratio of il/*? bas^^ml .U!)(i; ( it\ iigx tones* 

|x>j:di ut teiius k oW0P^y tttJ : OP ntio 

in the latio ol tliei, n*i tangle^. (Ul, 

S'H-po.p C'B ■=£ f l, liG= r >, OP r-r n] PS totes tl*^ 

ratio u t Bin OP; i»nd r ; tlur of Ro to PS; and their pnfitliM t * X ^ 
(or j 'j i» li ** compounded i« un oi : hat of ii»i- p. i .tllelograms, namely, as 
10 to ij. 

^ * / 

80 . /ff'ttr y h h l lines AB, DC, PD, BR are pmpor* 

tianal ( \ B : DC ::' PD : 15K, or AjjSf^pPD ;: DC : BR); 
them ‘angle Pf ' wade ivifh the DC, PD, A equal 

to the ic f tun file A.R made iviih tk^mh extremes AB, BR. 


•• 0 >7 ii D C ! L 1 

'- B - - -Sl *:T ' t> R .a. 

Let CO -- PR, and RQ z. tlje rectangles AR» 

TOM. ivmg equal altitudes, * wifi be as tlieir ba*t « (8 7)i 
and for the same reason the rectangles PC, 13Q w ill also be ad 
their bases ; 

Kf 

AB : AR ; rectang . DO; 

PD : ffi j f rJ^ctang. PC : rectang, BQ; 
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But AB : DC :: PD : BR, therefore In equality of ratios 
rectung. AR : recta/ig . DO :: rectavg . PC \ witling. BO: 

Now the surfaces or rectangles DO, BQ contained under the 
same or equal lines (DC, JBR) must be equal; therefore the 
consequents being equal, the antecedents or rectangles AR, PC 
will also be equal* , , Sl 

?s analogous to the 



.AB : DC :: PD^BR, then AB 

Coro!* I/** When WE and PD are equal, the lcctangle PC 
becomes a squarfek: and its side is a mean proportional between 
the other and BJl *,151, Atith .), 


Corol . 
dicular 



^-product of t hff^SSse axuKptrnczw 

tfc of a parallelogram. 


* Here the Mirf.' i s of tin* iec tan W ^ »>• jj.ikilkloj. Mim \|f n. 1 PC’* are 

dcUhteJ hj \B X HU, .i n i! B* * / 1 >. A > »< l r s, | *{ i)(j = 



I sn. ] 


Of Similar Plane Figures. 


Definitions. 


9dfe^SiivriL ,: 
several angles equal, 
ang*'..' pto|jorti#aK 


Thus, if the ai’Mec of the. triangles 
ab-p. a !• d jn n.spcctivcly equal, 
and AH : HD :■ ab : id; and AB 
: AD :: the triangles 

are said to bo^piilar. 

The sides opposife%ic equal ai 
thus AH, ab are homologous sides. 

91. And if AB AN. ahdn are 
equiangular, and . AN :: 

4il> : rn the two iigur.s aic 
simduu 

CcioL Ilcn.c all squares arej 

92, All circles are similar. 

1 A 


.which have thrif 
ut ilic equal 



Theorems. 


03. If rrr side of a v i Jed info any mm* 

ttr of equal parts, and frov7 the points of division lines are 
drawn through the triangle parallel to one oj the of fur sides, 
those lines will divide f he third side into the same number 
of equal parts f 


S£ 9 
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And because DA is l of BA, and PC £ of EC, these arc 

aho proportionals, 

BA : DA :: EC : PC. 

And it is also evident that BD, DA, BP, PC are proportion- 
al's ; tor DA is the same part of BD, as PC is of B 1 J (each 
being i); 




Join AP, DC. Then the triangles DAP, 
DCP, slam'ii i i*j upon the same hire DP, and 
between the pdTahds DP, AC are e 

<*■>= 4 

To each of these ^dd the triopgh 
BDC, BPA will be equal , 




tria "g>SNf 


But the triangle 9 BDP, BDC -tending on the bases BP, Jhj 
and liming the same \eitox D, have tin* same* altitude : 

Aw>, ih«‘ tnangV'' BPi), BPA on tin* bases BD, BA, and 
iuiii'i 1 ihe vertex i\ have the : ame ahnude ; 

Tiieu: ml BD . B A :: truing. BPJ^mn/. BPA (S 7 , coroL I,} 
And BP : BC :: tnauj^&iDP : triang. BDC. 

But tlie ratio of the triangle BPD to the triangle BPA is the 
same as that of BDP to BDC, because arc respecti\cly 

equal : 

A- 4 

$>' Therefore tlie ratio of BD to BA is jtjhe same as that of BP 
r ' tc lie ( 31 ); or BD : BA Ifc. „ 

Corvi* l. Because the parallels AC, DB make the angles 
BAC, BDP equal, andjfcjie angle BCA = BPD ( 40 ), the tri- 
angles BAC* BDP arc^&ttane.irar or similar : Therefore si- 
iinlai tri angl about the equal angles proportional : 






te v 
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95 . If several right lines ineftih?, or inlertcctinz each 
other in a point P, an* <ut hj tun pundit t I »f‘\ All, 
CD; the intercepted segments will be respectively pro- 
portional : 

AG : CO :: GN : 01 :: NB : ID, .vc. 

For the triangles APG, CPO*; GPN, OPI; 

NPB, I PD are res^g^yely cqui-au 

AG : CO GP 
P NP : IP :: NB : 


Then fore ( 31 ) AG ; CO :: GN 
NB : ID, gerffo; 


Carol. if GN, 

:e. and C are no|jn the same 
^litinued lines hut reilpSotiwly pa- 

rallel as before, that CO, OI, ID, &lc. will 
be in the tame proportion as AG, GN, 
NB, &c. 





90# The line BG bisecting the vertim! mah* AP»C of the 
triangle ABC, dividcs^^^^Stse AC info two putts having the 
ratio of the sides AB, 

AB : AG :: BC : GC. *> 

Draw CD parallel to BG meeting AB 
produced in D. 


Then because CD ^parallel to BG, the angl 
arc equal ( 40 ). , 

And the external angle CBA (or double the aflgjlfc GBC) of 
the triangle CBD, is equal to both the;t$gl0S BCD,, 
J&DC (41). ** 
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TIhtc ^nrc the angles BDC, BCD are equal, and coins.* - 
qiieuil\ BO is e'pial to BC ( 46 , coral. 2 *. 

But the triangles ABG, \DC are similar; 

Hence AB : AC :: BD JiC) : GC (9*, coml. 1 ). 

Cord. Hence, if a line bifccU the vertical angle of a tri- 
»hgfe, : the „jE«etangle of either side and tte^lternate ->gmuU of 
ilu^lawK is s ^ c iin d the 

u-naninj •gmem: ^ 

97. 1 ft a * i 1 d.'tJi AB, CD intersect each 

cthfji , a/;J //..'# , . r it*cy tne ju’n'd, the triangles PCA, 
PBD mil ( * M. t‘hi ; and tit cj the segments t F A 

X PB equal to the ■</ j 'r 0/ (he stgiucnfS PD» 

For the angles PBD, PCA, Mantling on' 
iame arc DA, aie equal lo each other 1 70 )- f\/ 

• ( A e J 

And tlie angles PDB, PAC, stahd.n^ 011 the A\^\/ * 
arc CP», are also equal. C 

And flic cm- d .1 rplr* nt P bsing common to both ti tangle*, 
thrive inaniTks ar. tin ufore utui-.m^ular, and lOjiMqucutly 
nhniliu , 

Heine PA : PC .. Pi) : PB (Si-^ carol. 

'i liiwfnie PA x PB PC * PD (89;. 

^ • qorol. 1. If one chord DC bisects the other 
AB at right angles, then DC is the diameter of &■ &« . pA 1 * 
fli th^circlp [CM , and APor PB is a mean pro- J 

jgpS^rtional between DP and PC t , ^ c' 

.^Coud. 2. And if AD, AC* M joined, the angle CAD is 
aright one (72); tlurcfnie the' perpendicular AP let fall from 
the right angle on the hypotenuse DC, is a mean proportional 
between the segments DP, CP- 
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Cool . j. Hcncc aUo, if two lines AB, CD. ; 3 

intersect each other in the point P, and PA X PB U v p 
— PD x PC; then a circle will pin* through the \ 
points D, B, C, A. And the tiianglcs PDB, V 'C 

PAC, will he similar. 

OS. If two light lines PA, PC J) am the stnnr point P, 
intersect a circle , and the < hot as BD, AC are draW$£ 
then the h ^ CPA „ w * f j&bd 


then the li C ' ™*3 **^* cl 

/Ae ; to the rectangle PC 

Tortile sum of the two onpoMte nidi 1»DC, 't> 

BAG is equal to tun ii^ht r.u d 7 J .. / 1 


And the augh -» BDC, BDP inc !o^ tm r equal 'M* 
to two right angles. j / . 

'j'hcn angle BDP is c j \d to the / ' 

,c Angle B A C . , 

<■ And fur the i;be rc..s«:», the angle D3P is equal to (he 
angl“ DC A. 

And die aivde P iilog (onnnoft to h.»ih l u.moIc< > tho^e 
tiUnffle-. must be cuiu-aimulai, and coin, micniiv Mini!, if • 

■ am* 


In me PA : PC : PB, 

Then fore PA X PC x IT) 

09* [I PB le a tangent to a rh* f t % m>d PC a <u cunt ; 
then the rctUnglv PC X PD is equal t\j the Ayum e of *th+'-- 
tangent PB. 

Draw BD, BCV* Then tlw angle PBD is 
equal to the angle PCB^X; t) % / fTt 

’ ' ' t \, 

And the angle ABC equal to the an^le , . \ I 

BDC (.3j. ' '• “ AV_, C 





r i m 


V} , r s I,,, . the salt's ARC, h^ins: equal, their s*:p- 

} ‘ in .’. in <n* 1.1 * !< „ C ISP, IJDP must he equal. 

Cv:i (queml, ;be t;> PDA, i'DC arc cqui-anruUr: 

Fence PC : PB :: PR : PD. 

Thuefbre PC x PD „ PB\ 

,, ^. i /W«7?£r/c? BPD, bPd are similar ; the Uses 

BD, ivnal : 

Ikcause'the angle.-, $N& 9 i.iP are 
the triangles BAP, /r;P :ue alsii^iniihir; " / j\ 

PB : !>.'■ :. PA : Va (j i, corol. l), 

, Aiul since PB : P I, :: BD : bd, / j - \ 

' v TlurJore 4D : ^ :: PA : P a (by equality)*,. v 

101. TVn? surfaces n areas' of si mild l cs are in 

*hc duplicate ratio (fir as^^^^juctres) of ffSetr homolonous ' 


Let 

the 

triangles 

BPD, 

ipj 

he 

sum1.ii 

; vil 

vl BX, hi 

, the squares 

Oil 

flh- rlJ 

- c 

D, /</■ 




1 i\i l 

\ i v 

■iiu 1 . 1*‘ D : tmn^. Z‘ 

M* 

i 1 


»*\ . ii 

.• ht. 

■■ 


i i 

'lif 

the jje. j i •- 

d.MlXl. 

■ PA, 

pa 


/ilv 

; j adjoin 

DG, • 

* 



l; - _A - r./L--_\n 

: :) i/I 


Then hv f .vi ci the fri.uHes BPD, BGD areoa - base 

BD, we haw (S7, coroL y\ 

Tria ii-. BPD : triair*. BGD : : P A : BG (BD)* 

♦ '< - v ' 

And, tria:i‘r- 1 pd : Lriaug. :: pa : lg( f d). 

But PA : BD :: pa : ii? (loo): 


t : 3 
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Therefore ( 31 % 

triang. BPD ; triang. BGD :: trian gJ'pd : triang. tgd: 
or triang. BPD : square BN ■: triang, Ipd : square /-// ; 
, because the two squares must evidently have the same ratio as 
their halves. 


squares of their hop# 


Mi Djraw GB 



» 

T>< 


J > 




102. All similar right lined plane figures (ABDNXJ* 
abdng) are to one another in the duplicate ratio K j>r 9 

sides (A 

tiVd. V 

P - Then |h e figSr^S^|ing similar, the angle 
A is equal to the angle a ; and the including 
sides AB, AG; ah , ag , are proportional 
(90); therefore the triangles ABG, ahg are 
equi-angular and similar (94, coroL 1). 

And if tht^^qal angles ABG, alg are 
taken from the- equal angles ABD, abd , 
the remaining ang^s GBD, VljSLniList be 
equal. ^i*' 

Hence AB : ab :: BG : bg$ 


- *0* 


\ 

* i 
\ / 

‘ f 
"G 




\.:.J 

A g 


AB : ah :: BD : id; 

Therefore ( 31 ) BG : hg :: BD : bJ: consequently (94, 
corol. 1 1 the triangles GBD, gbd , arc Miml.ir. And m the 
same manner it may be proved that the triangles GDN, gdn, 
are similar. 


Hence (IM),lrun^.OAB 1riQng.|fwA .GIf:£7P GDN: 

gdn\ U1 OAK ; gab :• GBD : gbd . GDN ^dn 

Q ' 

And (94, Sckot.) GAB : gab :• GAB + GBD -l- G PN : gnb 4- gbd -\-gdtu 

'h' f 

But the antecedents together is the figuie ABDNG, and the consequents 
the figure abdng ; * 1 \ * < 

Thcrefoie AG 1 : ag % (GAB : gab) :: ABDNG : abdng. 

To illustrate thh hy an example in number;, suppose AG fit 10 feet. 
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S f«*U; ami the area. or surface of the figure ABDNG = c:o 
SKjMjre feel ; 

Then 10 s 9 1 :: 650 : = -lit? square feet, the area or sur- 
face o t abdttg, # 


103 . The Perimeter oj similar right lined plane Jigures 
$re in the same ratio at their homologous sides . (See the 
to ihc preceding Theorem.) 

■ $.■ : , f 

.e sides about ■ 

k 


tf- ■ i . . 

For the angles being cqnaly '^cTrioea 

the equal* angles rc3pecti\ely proportion#!, 

-V. -vi $ji 

AG % ag :: GN : g?t :: ND : nd.:: fife : dh :: BA : ha\ 
therefore AG : ag :: sum of all the antecedents AG 4* GN 
NJJ -f- DB -f BA (the perimeter) : sum of all the consequent! 
ag + gn -h nd + db -f- ba (the perimeter). 




101:. The perimeters of similar Polygons, (ABDNG, 
abdngj inter lied in ciuhsf'huue the same ratio as the di~ 
a meters, (AP, ap,) of those 

Dfuw GB, GP, gb, gp. 

Thru the polygons be- 
jpo similar, the triangles 
ABG, a'g+ will !>• < tjni- 
aiuiul'i*, Jiid ih* a»j?lc 
AIHi equal lo the ,’iu V abg (102) 



But the angle APG is equal to the angle ABG ; and the an- 
gle «//'■; equal to the angle abg (70). And the angles AGP, 
ut>p, being right ones 172 )> the triangles APQ, Qpgk arc the ic* 
fore cqm icuilur. 

Hence AP : ap :: AG : ag :: pcriaSa. of polyg. ABDNG 
: ptrim. ot pohg, ahdng (H*)t . 

Corel. Hence it appears Jhat the circumferences of circles 
have the same ratio as th$l^ diameters. For conceive regular 

v‘ 
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polygons of the like number of sides to be inscribed in bolh 
circles ; then it follows that those polygons will be similar, and 
that their perimeters are in the same ratio as the diatnrtei<> of 
• the circles, let the number of sides be what they will If now 
we suppose the number of sides to be continually augmented and 
their lengths diminished, it is manifest that at last, the dif- 
ferences between the perimeters and the circumferences of 
circles, will be less th#&*ny assignable ^con£eqt£iu!y 

^ he ultimate ’ a ft fl that of the circiimfer- 

305. The areas or surfaces of similar polygons inscribed 
in circles are in the duplicate ratio , or as the squares of 
the diameters of the circles.: (Sec the figures to the pieceding 
Theorem). . 


For the triangles APG f apg y being similar, have (101), 
AP* : ap 2 ; : triang. APG i iriang. af.g : : AG* : ag* 
polyg. ABDNG : polyg. a Mftg (302). , 

Corel . Hence, if we suppose (as in the last Theorem) the 
circumference of a circle to be the perimeter of a regular po- 
lygon, consisting of an infinite or rather an indefinite number of 
indefinitely short sides, it follows that the sin faces or areas of 
circles will be as the squares of their diameters. And heed use 
the circumferences are directly proportional to the diameters 
(104, coroL) the areas will be* as the squares of the cuumi- 
ferences also. 


10(3. The area or surface of a polygon (ABDNG) is equal 
to a rerfvfcgle' uniter half the perimeter and (CO) the distance 
of its centre Jrof^tbe sides . 

The centre of a regular ^Slygpn i§ a point equally distant from all its 
sides; aud is the same as the cental* of the instiibed, or circumscribing 
circle. 
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Suppose lines are drawn from the centre 
to (lie angular points; then the polygon will 
he divided into as many equal triangles as 
it has sides. And because those triangles 
are isosceles, CO will bisect AG and be per- 
pendicular to it (4 1>) : therefore the area of 



J;h$ triangle ACG is half the rectangle CO x AG ( 89 , cor . 2 ), 
it#C[0 * £A£*;jgdjhc area ofanoth^ of.the triangles (GCN) 
is dO x iGlST^lid so on ; a11 thc ?!<*** 
together make half thc perimeter ; taUgfe L& » 

x half the perimeter , i^tlie area of or 


of the polygon. 

A 

Corah Hence it appears, that the area or surface of a circlp ,V 
is equal to a rectangle under the radius and a right line equal to \ 
lialf the circumference. For, if we conceive the circle to be a 


regular polygon of an indefinite number of indefinitely short;'; 
sides, the distance (CO) ofjtlje centre (C) from the sides* 
will iu that cage, be the .t^fs of the circle, and half, the 
perimeter becomes half tho dfcdmfercncc. 


- 107. If semicircles (O, R, S,) are described upon thc 

shies of a right angled triangle (BCD), that which is upon 
the longest side ^DB) will be equal lo both the other two 
taken together. , 


For circles being muhIav, and iti thc same 
ratio a*s the squares of their, diameters (lOJ), 
forol.) the>r halves must also be similar, and 
in like proportion, thcrcfbic 

S : R :: CB a : CD*, and by composition 
S -t- R : R :: CB 2 + CD* (- BD% $3; : CD* :: Q : R, 
or S + R ; R :: Q : R ; therefore ,S+R is equal to Q (31). 

1 * ( 

Hence, *if similar figures jue described on the sides of a 
right-angled triangle, that ou tlie longest side will be equal t# 
the other two taken together 
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Of Planes and Solids- 


Definitions. 


108. A right line perpendicular to a plane when it 
igbt angles to clr «wn in4fiat 

jltae, , .from tb^pH on which ft Insists. 

lt distance of a point from 'a Plane is a right line 

y ; conceived to be drawn from that point perpendicular to the 
plane. 

CoroL From the^ two preceding Definitions, find Arf . 48, 
it follows, that a perpendicular is the shortest hpe which can 
be drawn from any point to the Plane. 

1 lO. The inclination of onil^tJSne to another is measured by 
tlfe inclination of two right lines Tn those planes, drawn irom 
any point in their common intersection, and .i light 
angles to the same : Thus if AB is the line 

of intersection of the two parallelograms 

AG, AD ; and PR, PS arc perpendicular W 

• to AJ3, the inclination ofjhe planes or pa- 
rallelograms is the angk'included by the lines ^ 

PS, PR. 

111. Parallel planes are those which arc not inclined to 
each Dthcr*^or are every where at an equal perpendicular 
distance^^;" $ 

112. A solid that which is made by the meeting 

of more than two plante*tf$glefc, which arc not in the same 
plane, in one point. 


n 




v , P1 

% 


' 113. Similar solid figures are f$qch as have all their solid 

angles equal, each to each, and wjjp arc contained *by the 
same number of similar planes. ^ 
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111. A Prism is a solid whose ends arc parallel, equpl, and 
like plane figures, and its sides, connecting those ends, are 
parallelograms* 

G- 

Thus AB is a triangular prism, its ends being 
the parallel and equal triangles AOC, DGB. 

A. O 

115. An upright prism is that which has the planes of 

the sides perpendicular to he ends or base. 

Thus AB is an upright prism; the sides, or parallelograms 
CG, GA, CD, being perpendicular to the ends or triangles 
AOC, DGB. 

lift. A Parallelepiped, or ParalMopipcdon, is a prism 
bounded by six parallelograms, whereof the opposite ones arc 
parallel, equal, and like to each oilier. 

117* A rectangular parallelopipedon, or prism, is that 
whose bounding planes arc all rectangles, and which stand at 
right angles one to another. 

IIS. When all the bounding planes are squares, the prism 
or rectangular paiallelopipcdon, iscailul a Cube. 

119. A Pyramid is a solid whoi # c I is any right lined 
plane figure, and whoie sides arc triangles having all their 
vertices united in a point above the bast, calleu the vertex 
of the pyramid. 

V 

Thus AOGV is a triangular pyramid, its base 
being the iriaugic AOC, and its vcriexjV. 

120. A C\ finder ABCD Sometimes called a 
round prism is a solid conceived to be gent rated 
by tlie rotation of a rectangle SBCR about one 
of its sides SP , supposed at rest: which side SR 
is called the axis of the cylinder. 
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Corol. If OG i* paiallcl to SB, those lines will <L :cril>e 
equal circles; therefore every section of a cylinder parallel to its 

ends, is a circle equal to the base. 

• 

121. A Cone or round pyramid AVC is a 
solid generated by the rotation of a right angled 
triangle CDV about its perpendicular D V, called 
the axis of the cone. 



Corol. If OB is parallel to DC, it will d esc iil>e aciielc; 
therefore the section of a cone parallel to the base is a circle. 


122. Similar Cones, and Cylinders, are such av lime their 
altitudes, and the diameters of their bases proportional. 


!•_/>. A Sphere ARBD, i-' a solid supposed 
to be generated by the resolution of a svini- 
circle vABD) abouL the diameter (AD) whkh 
remains lixed, and is called the axis. 





('ou)L 11 ON is at right angles to the axi, AB, it v ill 
describe a circle ; thculoic any section ol a spin made h\ ?. 
plane, i* a cncle. 


lsJ’l. The altitude of a pyramid, oi pri-m, is the p( i p« ndi- 
cular distance oi the vertex, oj upper plane thueof* In at ti.r 
plane of the base. • 


Tjii mu ms. 

125. Th? coiwtov v. -//ow 1 GIV. of fh ‘ f\B, CIA 

a right lint. . 

For let the extreme points G, T7, d.e \ 
common section be joined Iq tHv line Gj-J, } 

then that line being in the plane All, and / * 

also in the plane CD (7-) it t here lore im;s* ^ L 5 

be the common section ol both. 



Tin oi' rM;:, 

1 yl. Tj a / ighl !'ne PB (c p< rpcmliculnr to Urn i ight Hne> 
V£3$, SR, uf thro pn't/i' of toM'fiinse B, it will be pcrpendt* 
<■ Uun fa A 1) flu piece oj fliOhC fitHS. 


lor suppose Ti» is perpendicular to a plane 
p*u»siu«r thiough ihe point B; then all right 
hues iu lii.it plane which meet in B will be at 
right angles to BP (108), therefore converse- 
ly, all n /hi lines; (KB, SB) which form right 
uu>h\; \wth liP at the point B, nui't fall in 
tint plain . 



KT. fj two right linns ( PB, RS) arc perpendicular to 
a ghnu (AD,) (Iwy u ill be parallel to cadi oilier . 


Join the points B. S. Then because BP is 
perpendicular to the nhne AD, it must lie in 
(or h iht common intersection of) every plane 
that parses through the point B which is per- 
pendicular to the plane AD, it is therefore in 
the peinemheular plane that intellects AD in the line BS. In 
hhc irannt t SR must a No lie in that Fame, plane, or the perpen- 



diMihr piano interceding AD in the line SB ; therefore as the 


an I- ■ PBS, KSli an* right angles m the same plane, PB, RS, 


a : 1 1 I ; ad I ti exit other (to, total 


( o'* K "t\ i‘ , , i! ,i dn lines ate j . rpe.ali' uhir to thr 
k v, n 1 ji .* , • ji v i» ill he 4 iml lo i\u h o.h .r, 

\ *.'. if fno ptmivs (A I, ,C(> ) me part'll < l (o' rack 
i, 'hr i , ft" ,• ri ,( hf line i PB) uhi f h pttpt,idi ulur t,j one 
(AI; wi n ! > l * pa pendin' hit to ti " (j/b-'r (CO;. 

Prom i iv T'oiut S in the plane A I end ano- 
ther pe« priii • ■ » to that p!j|ii^ meeting th** 

other plane in R, ami draw PR, BS ; ilien 
the plant* hem r parallel, the two perpendicu- 
lars will bcttpnl (lit), and pa ilhji (U?7); 
and as the angles at B and 3 are right angles. 



a u 
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i whatever direction BS rmy be drawn upon the plane Al, 
‘he quadrilateral BPR8 will always be a rectangle ; consequently 
BP is perpendicul r o PRor to the plane CO, 

Coral . Since BS f PR are parallel, therefore the sections 
(BS, PR) made bv a plane tBi'RS/ intersecting two parallel 
planes, are also parallel. And it is also manifest, that a plane 
will cut any number of parallel planes in like angles. 


129 . If a Parallelopipcdan or Prism (AB) be cut ly a 
plane (CD) parallel to its base (AG); the section will be 
like and equal to the base , 


For by supposition the plane CD is parallel 
to the plane AG, therefore (128. coral.), 
the sections of those planes with the four 
sides of the prism arc also paiallel, namely, 
CR parallel to AH, RD parallel to HG, & c. 


B 

R i 

H 


3 


and because tin* sides of the prism are pa- 
rallelograms, the sides of the section CD will bo equal to the 
corresponding sides of the base AG ; ihercibie the section CD 
is a parallelogram like and equal to the base AG. 


Corel. And the like is evident when the base is a polygon 
of any kind whatever : for the method of demonstration will he 
exactly the same if the sides of the pi ism are parallelograms. 

130. If a Pyramid ,'DVAB) be cut ly a plane (dba) 
parallel to the base (DBAj, the section (dba) will he similar 
to the base . • 

For (126, cuiol.) th~ secihms db, da, ah 
are respectively parallel to DB, DA, AB, 
therefore the triangle d\ 7 b U similar to tb* 
triangle DVB, the triangle dW a t^» DVA, and 
a\ T b lo AVB ( 91 ). 

lienee DB : db :: BV : bV :: BA : ba :: AV : a V 
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:: AD : at 1 ; therefore db % ha, ad are as the corresponding 
sides of the base ; and consequently the triangles dba y DBA 
are similar. 

Carol. In like manner it is proved that all sections of a 
pyramid parallel to its base are similar, and similar to the base, 
whatever be the number of sides. 

131. Puraltelopipeds or Prisms (ABCD, AGRD) on the 
same base (AOPD), and having equal altitudes , are equal 
So each oilier . 


By substituting surfaces for lines, and 
solids for surfaces, the demonstiati.'u will be 
similar to that m Ait. 8 2, for parallelograms 
when BR is one ri rht line. Tims, because 
the plane A B is pa^dlj and tqml to ih c 
plane DC, and the planes AG, DR also pa- 
rallel and equal to each other, tin relo** BC is equal to GR; 
and taking GC, which is common to both those lines, from 
each, there rune-ins BG cquil to CR: consequently the solids 
ABGO, DCRF aie bounded by hkc and equal planes, alike 
situated, and therefore arc indentical: now if the solid ABGO 
is t Aen from the whole solul AR, the remainder is the prism 
AGRD: and thf* smj* vh«de AR leaned by the solid DCRP 
leaves th*" pi i. i.i ABC J") : theufore two remainders or 
prisms AC, All are «, pul ?), 



But the sime conclu- 
sion is m in if •'i fr no the 
Mrthnd <>f In hvisib!es % 
which su, po' js that so'ids 
are coinpw j l of nn inde- 
finite nurnner indefi- 




nitely thin elementary parallel planes or sections: Thus, Jet 
AC, AR be the prisms having like bases AP, AF, and equal 
altitudes DO-, DO; and conceive KH, K1I to be two of those 
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indefinitely thin planes, parallel to the bases AP, AP: Then, as 
all the sections (KII f KH) arc alike, and equal in both prisms, 
( 129 .) it is e\ident each prism is made up of exactly the same 
number of those equal elementary parts or sections lying 01 . e 
upon the other, those in AC vertically, and the others in AR, 
obliquely: which positions give their wholes or the two equal 
solids a different appearance. 

The whole number of those indefinitely thin lamina* in each 
prism, is denoted by the perpendicular height DO ; for if DO 
be divided into an indefinite number of parts, those parts, or the 
number of sections taken together, must again make up the 
whole line; hence it follows, that the base AP, or any section 
parallel to it, multiplied by the height DO, gives the sum of all 
the elements or the content of the prism. 

CoroL 1« Hence any solid AC having 
the base AP and height AO equal to 
those of the prism, will have the same 
magnitude as the prism, if all sections 
(KH, See.) parallel to the base, are aho 
equal to the base. 

CoroL 2, And therefore it follows that prisms and cylinders 
of equal bases, and altitudes are also equal. 

CoroL 3- Also because the base of a prism drawn into its 
height is the measure of its magnitude, therefore prism-, are in 
the same proportion as their bases multiplied by the heights. 
Consequently if the bases arc equal, the prisms will be as 
their heights ,* but in the ratio of their ba?.,s when the heights 
are equal. 

132. Pyramids DVB, RVII^ standing upon the same, or 
upon equal bases DAB, RGH, and having equal altitudes 
NV, RV» (ire equal to each other* 
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Let Jah be a cec- 
tion parallel to the 
bas* D AB;and V //N 
the perpendicular 
from the vertex V 
upon the base DAB; 
and draw BN, bn : 
(the point n being in 


V 



plane dab). 


V 



Then the triangles DVB, dVb are similar; and because Vnb 9 
VNB, are right angles ( 126), the triangles V^B, VNB, will 
also be similar. 


And since the triangles DAB, dab , are similar (130), their 
surfaces areas the squares oi their homologous sides (lOlj* 

Hence, triang. DAB : triang. dab :: DB* : db 2 :: BV a : 

:: NV* : 72 V 2 : Therefore the sections DAB, dab 9 are as the 
squares of their distances from the vertex V. And in the same 
manner it is proved that the sections RGH, rqh arc as RV 2 to 
^V a . Now the bases DAR, RGH, and also the altitudes, 
being equal, the sections dab , rgh, at equal distances ?iV 9 rV, 
from the vertex, will nl.-o he equal. Therefore each pyramid is 
composed of a like ‘-cries of indefinitely thin triangular sections 
(or lumi.HvJ ; the greatest term of the je.ies bring the base DAB, 
or RGH, and the least 0 at the vertex V : consequently the two 
pyramid.* arc upi.il. And when the bas«.s arc polygons of any 
kind whatever, the demonstration will evidently be similar tm 
the foregoing. 

Coro!. Hence, if we suppose a circle to be a regular polygon 
of an indefinite number of indefinitely short sides (lOfi, corol 
it follows that cones having equal bases and altitudes, are also 
equal. Ami <h.tfc cones and | yrimids of equal bases and heights 
arc likewise equal to each other. 

133. A h i angular pyramid is ojie-third of a prism having 
the same base andaltitude % 
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Let ABCOGR be a prism upon the triangu- 
lar base ABC. Then if it be cut through the 
diagonal RC by the plane RBC; and through 
* the two diagonals BR, BD* by the plane RfiD, 
it will be divided into three equal pyramids 
ABCR, RGDB, and ROCB. 

For if ABC i« thebasg of the pyramid whose vertcxis^* 
andRGD the base of the pyramid whose vertex is B, those 
pyramids and the prism will have equal ba^es and altitudes ; 
1 therefore the two pyramids will be equal ;132). 

But the pyramids RDCB, ABCft, having the equal bases 
RAC* RDC, and the common vertex B, must also be equal* 
because in that case, their altitudes will be the same; therefore 
the three pyramids are cquul to each other. And since the 
prism and (ABCR) one of the pyramids have the same base 
and altitude* the trtilh of the theorem is manifest *. 

Corol. 1. Therefore prisms on polygonal bases are triple the 
pyramids on the same or equal bases, b^cau .■ * ,t* plains may be 
divided into other prisms having triangular : ases, 

Corol . 2. And because prisms and c\Imdei = # and pyramids 
an d cones, having equal bases and altitudes aie respectively 
equal; therefore a cone is the third part of a cylinder of the 
same base and altitude. 

3 3 K A sphere is two* third* of its circumscribhig cylinder . 

Let C be the centre of the circle 

circumscribed by the square WBSE ; 

and draw CB. 

» 

Then if the rectangle QABf* re- 
volve about AQ as a fixed axis, the 
square CABP will describe the cylin- 
der PHWB ; the quadrant APC will 

* A Learner will not readily comprehend this Theorem without models 
the three pyramids. 
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describe the hemisphere CPAH ; and the triangle CBA will 
describe the cone CBW. 

Let Dd be parallel to PH, and join CO.' Then the radius 
CO — CP — RD : and because AB — AC, RN will be n 
RC: but RO 9 (RN a ) + RO 9 - CO 9 (63) z. RD 9 ; or RN* 
•+R0 2 = RDS But semicircles described on RC (RN), and 
RO, are together equal to a sumcircle described on CO (107.) 
or RD; therefore circles described on their doubles witlalso be 
equal, or the circle on Dd equal to both the circles on Nw, and 
OT : consequently Nn the section of the cone, and OT the 
section of the sphere will together (in every seetjon parallel to 
PH i be equal to Dd the corresponding section of the cylinder. 
Now supposing the cylinder to be composed of indefinitely thin 
parallel sections (Dd, Ike.) then the cone on the same ba$e 
(\VB X being equal to one third of those sections, or -y of the 
cylinder HB 133. corol. 2\ therefore the hemisphere must be 
equal to the remaining 3 of that cylinder, or the whole sphere 
- y of the whole cylinder EB. 

( oral. \ . A cone, hemisphere, and cylinder, of the ?aqie 
base and altitude, are in the proportion of •*, f, and 1 ; or 1, 2, 
and 3. 

Corn] l*. It aiMi appears, that he sph* • *.*] frustum HTOP, 
h L<[iial to the ciiflc rence between the cylmder HriDP and the 
cone C/iN. And that the ncal segment TAO, is equal to 
the difference between the cylinder dWBD and the conic frus- 
tum /AVBN. 

135. Similar upright prisms BD, bd* are in the same pro- 
portion as the tubes of their altitudes • 


H H 
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Suppose G and g are cubes having heights respectively equal 
to AB and ab the heights of the prisons. Then pi isms of equal 
altitudes being as their bases ( 131 , corol. 3) vve have 


prism G : prism BD :: ba>e JVIN : base AD, 
or AB 3 : prism BD :: AB 1 : base AD, because the 
prism Gis thfc cube of AB, and the base MN its square* 

And in like manner, ab* (or prism g) : prism bd :: ab 1 : 
base ad. * 

But the parallelograms ABIIP, abhp are similar; and the 
bases AD, ad, are also similar ; therefore (102), 

AB* : ab 3 :: ABHP : abhp :: AP S : ap 2 :: base AD : base ad; 
or AB* : ab 2 :: base AD : base ad, 
or AB* : base AD :: ab z : base ad; 

Whence by equality, AB S : prism BD :: ab* : prism bd, 
because the ratio AB 3 : prism BD, is equal to the ratio AB a : 
base AD, by the second of the above proportions, and the ratio 
ab 3 : prism bd equal to lh«* ratio ab 2 : base ad, by the third. 

If AK, ak t are made the bases, and AP, ap the perpendicu- 
lar heights; then the prisms will be as the cubes of AP and ap : 

Hence, 

Corol . J« When four right lines AB, AP, ab, ap, are 
proportional, their squares, and also their * ubes, will be pro- 
portional. * , 

CoroL 2. And because similar plane figures are as the 
squares of their heights, or breadths, or other homologous lines 
in those figures, therefore similar prisms of any kind, 
and also cylinders, will be as the cubes of their like linear 
dimensions, 
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Corel, 3. Hence also, snniftir pyramids and cones, v'hich 
are like parts of Mm’dar pri^m- and cylinder*, will he 1:1 the same 
proportion as the cube- of tlu-ir heights. oj the diameters of their 
bases. And the lik*: n to be understood of spheres, these being 
4 of similar cylinders. 

Scholium. Tins iclauoii of similar solids is called Tiijdit ,te Ratio ; and 
is sometimes demons rated in par.i do;np'‘ds, by considering tin ratio of 
the solid'* to be compounded oi the r u.os oi the homologous linear dimen- 
sions. To give un eveinp'iJi'-ation in numbers : Suppose the bases AD, 
ad, are rectangular; ami AB, AP, I’D, are in the same proportion as 12, 
13, () ; and ah, ap, pd , as 8. 10, 4 ; then tbe solid bd, will be to the solid 

8 y 10 x i 

BD as 8 x 10 x 4 to 1J x I.» X t> ; tliciefoic — will denote 

J'- a !»’ A U 

the ratio ol those pioducts(&>, jin/h .) : but this ratio is compm 1 ' led of Ihc 
ra'ios ot the homologous sicks, namely, of 8 to I'J or * L , lu to I j or J-J, 
and 4 to '-or *, and the con pounded ratio is x |J X J (141,^»*iM.) 
which, in its lowest terns i 3 ty, the ratio of the solids; but -g r is the cube 
of ], the ratio of eithei two homologous '•ides. 
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PROBLEMS, 


WITH THE 

Method of Tracing the Figures on tiir Ground* 


136. To make a triangle u ith three given right lives AB, 

AC, BC. 


With the distances AC, BC as radii, 
about the centres A, and B, the extremi- 
ties of the longest line, describe two arcs 
of circles intersecting each other in C; 
draw CA, CB. Then ABC is the trian- 
gle. 




— c 


For the radii or two shortest sides of the triangle are, bv 

*.> • 

construction, equal to the given linos AC, BC. 

If both the shortest of the given lines together arc less than 
the longest line, it is evident the arcs will not intersect each 
other, in which case the problem becomes impossible. 


By means of this Problem, anv right-lined figure may hr 
copied: or a right-lined figure made exactly like another lighl- 
lined figure, first dividing the given figure into triangles. 


A triangle may be mark* •! on the uound by means ol coids, or rather 
measuring tapes or tines; thus, suppose it ib rivjwrul to lay down the 
triangle ABC, whose sides hall be M; jo, aud'io/ce/. 


Having measured out AB = 60 fcet t fasten the ends of 
two measuring lines at A and B: then draw them straight 
oil the ground, and 1 ring 50 Jcet on one line to 40 on the 
other, and where they intersect wiil give the point C« 


Cm 


A 


A 



theorems. 


When the sides of the triangle are too long for the common measuring 
tapes or lines, lay down a triangle similar to that proposed, sMfo then pro- 
long the sides to the length required. 

Thus suppose AB = 450, BC = 400, and AC s 300 feet . Take the 
same aliquot part of each side, for example (in the present case), or* 
45, 40, and 30 feet , and with those distances make the triangle B mn ; then 
measure out BA = 450, and BC =400; and if the triangle Bmrc is cor- 
rectly Ltd down, AC will measure 300 feet . For, by similar triangles, 45 
(Bhi) : 30 (iim) 450 (BA) s 300 (AC). 

It is evident that any error in the length of mn will produce 10 times that 
erior in AC ; and therefore it may sometimes be necessary to repeat the 
operation more carefully. 

3 37- At a given point P in a right line AB, to raise a 
perpendicular PD, to that line . 

On each side of P take equal distances 
PS, PS, and about S, S, as centres, with 
same radius, describe arcs intersecting each 
other in D ; then draw PD for the perpendi- 
cular required. 

For if DS, DS, are joined, thc^ triangle SDS will be isosceles; 
therefore ,4(5, cotvl. l , PD is perpendicular to SS or AB. 

IVlu n the given point P is near the, end of 
the line . About any convenient point C as 
a ci Hire, describe a circle through P, cutting 
the give vv line in D, draw DCB, then join 
BP, wliu-h will be the perpendicular required. 



/p 
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For DPB being a semicircle, the angle at P is a right one 
( 72 ) ; therefore BP is perpendicular to DP* 

This is readily performed on th« f ground by means of three rods or lines, 
wlifV'C lengths an. ip the proportion of 3, 4, and 5. 

Thus if the triangle HPD is laid clown (by the preced- 
ing Problem) with SP := let, PD = 12, and SD = 20 
feet ; then PD will be perpendicular to SP or £ 

AB (83) 
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Otherwise thus: 


Measure equal d">t.ince? PS, PS on ea< h side of P; then two rods 
lines I SD, «if an equ. I length, will make the 
triunJ*' ’ 0.'* H(i*-cele->; rrd c^im; iieutlv the di- 
rect Vn o ; ■ lie peri PI ‘dic nl ir from P, u ma. ked by 
the end* which meet at D. 


AS 



Y is 


Or us : 


WSi^i tiie po'nt P r n n rs fhccml of th( line. From 
any romvnmnl point C ,Mk-? CS=u CP, and f’D = 
Ca. C, and D ! >t , : , » ,i * a * right < v.* . . , ,, Pfj will 
be per/uid.cular to PA. For the angle DPS is> a t lf ;ht 
one (7-). 
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138. To bisect or divide into two equal parts , a given 
right line AB. 

With any radius gr crier th?n half the given 
line, about the extremities A and ll as centres, 
dcsciibc arc; interseciing e. th other in C and 
D : then draw CD, and it wilj bisect AB in the 
point P. 

Draw the radii AC, AD, BD, BCs then those radii being 
equal, and the side CD common to both the triangles CAD, 
CBD, those triangles are therefore identical ; and consequently 
the angle ACD is equal to the angle BCD. And since the tri- 
angle AC B is isosceles, AB is bisected by CP (46, corol. ]). 

In thU manner a line may be divided into 4, 8, 16, &c. equal 
parts. Thus AP, BP bisected give 4 equal parts; and those 
again bisected would make 6 ; and so on, 

The most expeditious method of fufding the middle of a line on the 
ground, is to measure equal distancis ^i» , u its e\tiemities. Thus, suppose 
A and B are the ends of the line, and that AD, 

BC (found by measuring from A and B) .uc each q 

Jj7 Jccl\ and the remaining part DC ii 19 Jeel\ I ^"’1 
then O the middle of the line will evidently be 9 -J 
feet from D or C. 



B 
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In measuring lines or datallers on th* ground, it «ometimes may bene- 
c<*siar) to take offsets when obst ules tall in the \\a) • 

Suppose A an S B arc the extremities of a line to be measured : and that 
K and b are po >N of water or swamps. 


K 


, S 
. 




U .V 


J5 


Having set up marks at It, (/, Q* — * A' \ . 

D, C, in the line AB, measure « 
ccjiKil offsets CN, DO ; .md G \V, 

1\Q, at rnilil angles to AB: then 

the quadrilaterals IIW, DN being rectangular, QW will be equal In JIG, 
and ON to DC ; and the whole line AB equal to Alt + QW + CD -J* 
ON + C B. 


139. To Used a given right lined angle ABC. 

With any convenient radius Bn, about 
tlic angular point B as a centre, describe an _ 

P " v.'-.v 

arc SR, and from the centres S, R, with any “ 

radius longer than lialf the distance between - ^ 

those points, describe two other arcs inter- 
secting one another in D; then the line joining B and D will 
bisect the angle ABC, and the arc SR, 

For if the radii SD, RD, arc drawn, the sides of the triangle* 
BRD, BSD will be respectively equal, each to each, therefore 
they aio ..1m# 1 qui-:ingii!ar*(-±Gu), and consequently the angle* 
RBD, S3D are equal. 


By cuoli bisection-, an angh- or it* corn ^ponding arc may ba 
divided into '2,4, S, &c. equal pails. Thus if ACB be aqua- 
drant, or an angle of 90 dvgrecs (tit,); the llr&t bisection di- 
vides it imu two equal angles, dr the an AB 
into two parts (DA, DB) of 45 degrees ^ 
each: another bisection divjctes the arc AD 
into two equal pans of 221 degrees: tlic 
next gives an a re of 1 i * degrees : and if 

the bisection h* continued 7 tiff's, we get an 
arc of 42i a & minvt&s. Such a division is rea* 
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dily performed if the radius (CB) is 5 or 6 inchest and will 
be found convenient for measuring the degrees of an angle, 
- when the usual instruments for that purpose are not at hand. 

To bisect an angle ACB on the ground. Measure 
equal distances CR, CR, from the angular point C ; 
then D, the middle of the cross distance HR, gives 
* the direction of the line CD which bisects the angle. 

For the triangle RCR being isosceles, the line CD 
which bisects HR will also bisect the opposite angle 
(46). 

140. jft a given point P in a right line PG to make an 
angle nPG equal to a given right-lined angle B AC. 

About A and P with the same radius, de- 
scribe arcs DN, dn ; take dn equal to DN, 
and draw Pw; then the angle nVd is equal to 
the angle NAD or BAC. 

Draw the chords DN, dn . Then the 
corresponding sides of the triangles dPn 9 
DAN being equal, the angles at P and A 
must therefore be equal (46*). 

141. When it is proposed* to rpake an angle which shall contain a 
given number of degrees, &c. (64) ; a protractor , line of chords , or a sec to i , 
will be necessary. 

The common protractor is a semi-circular instrument for measuring and 
laying down angles The arc or limb is divided into 180 equal parts or 
degrees; and when its centre is place’ over the intersect ion of two lines, 
the number of chorees in the angle is shewn by the intercept® arc on the 
divided edge of the instrument. A protractor for t lie same purpose is fre- 
quently cut on the common plane scajgs, the centre beii^ on one edge, and 
the graduations on the other. 
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1 42. A line of chords is made by trans- 
feiM.g the divisions on the arc of a quadrant 
to its chord. Thus, suppose ACB is a quad- 
rant, and the right line Ba the chord ol its 
arc BDA. Let this arc be divided into 90 
equal parts or degrees : then if one foot of a 
pair of compasses be kept on the point B, 
and arcs successively described with the 
other, from eat h of the 90 divisions in BDA 
to meet BA, those arcs will divide it into a 
line of chords. 



143. To measure an angle with the line of chords. — Su p pose the angle 
ACB. \\ ith the radius CD equal 
to the extent ol 60 degrees on the 
line, ab *ut the angular piont C as a cen- 
tre, tie&irihr the arc DC*; then the ex- 
tent from D to G measured on the 
choids, gives the number of degrees, 

&r. contained in the angle : which, in 
this example, is about 40. 



144. Hence the method of Laying down an angle which shall contain 
a proposed number of decrees is obvious. {Suppose for example, it is re- 
quited to make the angle ACB ot 40 degrees, CB being a given line. \\ itli 
CD the chord ol 60 degrees, des: ribe an arc DO as before ; tliendlo de- 
giees taken on the line of chords, will extend *iom D to the poidj/*(J in 
the ax through which the line CA must be drawn to form the required 
angle. 

When l lie angles are greater than 90 degree-, measure, or lay them off 
at twice. Or pioducc one side so as to .orm two angles* at the angular 
point, and then measure the supplement to IB0 degrees. 

The chord of 60 degrees is taken (or the j. dins, because the sum of the 
angles of i triangle being 180 degrees (41 ), caci. angle of 
an equilateral triangle must theietoic contain degrees. ^ 

Thus, d BCD is a qiuduni, and thy triangle BCD iqui- 
lateial, BD (= the radius CD) is flic chord ol the arc DB, 
or of 60 degrees. 
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145. To measure the angle AC II with the sector . Sec the Fig. to 
Art • 143. About C with ail) radius CD, describe an intercepted arc DG. 
Open tin sector till t..e distance between the bi ass points marked C, C, 
(the c\nemities of the*c hord-hnes) js equal to the radium CD. Then it the 
distance DG belaid cross-wa)s on those chords, so that its extremities are 
equally distant from C, C, or Irom the centre ot the instiument, th<* points 
of the compass will tall on the number of degrees 

in the angle. Thus it CO, l O, be the chouMir.es /P 

of 60 degrees each on the sec tor, (ino\ cable about 
the ci litre Oj and DO the choid of any other arc, 

40 degree, lor example s tliui by similar tuanglcs q 

CO (die radius) : DO (the chord of 40 degrees) :: <=>- j j 

CC : DD; therefore ii CC be made the ladius n( . 

an) arc, or circle, DD will be the chord ol 10 degrees in that air, or c iuh\ 

Hence it is, that the sector has frequently the advantage of the piotire- 
tor, or common line ol chords, lire arise it maybe set to dillcrenl radii; 
the limits being the distance between the brass point* C, C, when the in- 
strument is shut, and their distance when it is quite open. 

146. When it is proposed to trace an angle on \ 

the giound equal to .mot her angle, the opt ration is f * 

siniil <r to tn.it in Art. 136 'I luis to l.»j down the / 

angle ahti equal to the angle A HN, the diu ctum of , 

hu being id ven. Mi psme equal rlisl'inci * IJD, I»G f ^ ^ ^ 

and also the* no", (list. nee CD; then with llioa* 
thiee detain *s I iv down the triangle l»Jg ain( / 

the point ^g’v* » the duct lion of ha. * 

. , b ' " cl 

147« It the angle ahn (when laid down) is to run 

tarn a gr.en numbci of degrees; hist, n... I « .m ,m«*!c 

i>*n on paper e ual to those di,iecs; lln.ii li.uing ^ 

ineaMin d the equal sides SD, Sit, and the op^o-de \ 

side HD on some coiuenn nt scale ol equal pait , K l tl ^ , 

fri ingle ghd he lra< ed on tin* jrntmd with thnecoij.v 

ponding distan* es m y t .V or urd\. M . (.To). T'nis, 

suppose the angle KSDis4l deiiuv-, then il su, ''Dare ea<h 40 on a 

scale ol equal p nt**, HD will be *J 4 on tie ',i ..e .'( <de, n *uly : corncqucntly 

if the in mgle gV/ u traced on the gfon id, with 40, 1 , and § J# Jcit, thsj 

angle aln will be 4 1 degrees. 
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r 148. Anti therefore to determine nearly, the 
angle P subtended by two dftlant objects A and B, 
m< jsme etjiial distance'll']), TO, and the cross- 
dUtance DG ; then constiuct a triangle dfg on 
paper, similar to DPG, and measure the angl- p 
with a pi oti actor, or the chords. Thus it PD f 
i, jre eacli JO /eel, and DG = '2H[/cct, uie 
triangle dp% ccrisliucted with 30,30, and 28 £ equal 
juris fiojn any scale, will give the angle p (or P) = 
degrees, nearly. 



\ UJ. Through a given point P to draw a line CD parallel 
te u given line AB* 


From P draw PG in any direction to meet 
the then line AB ; then make the angle 
GPD equal to the angle AGP (140!; and 
PD \vil!‘l>c parallel to AB; because the alter- 
nate angles AGP, GPD aie equal (10). 

To hate the para! let C l) on th ** ground ; Pi* on any 
funu'iiirnt point (J in All, and mea-aiie an isosceles 
tiiangh* IIGK; then at the point P lay down the 
triangle 01^2 equal to KG Is; and PQ will be pa- 
ra lie I to G Iv 


G* 



c"p“a © 


J50. Ilv i^i-ans of (his lest problem \vc c in 
biseil \i i v t id** : I vde. Let it be ieqt***i ! 
rn dcti 1 .ii’ l!.'* dii-s i o < of thc< .'pital OP oi : 
bastion, At .ins , o'nts iJ, S, in the dim ti« ns ni 
i!i,* ij._, „ |)!\ \P, el up two maiXs; and Iroin B 
tij'eP.Il priialh'l to P^; meaaiie equal distances 
11C, IKS, . ini m.iik the point K in the dim lion 
G ! < ; tin’ll laid G I lie middle of C K: and the 
pi oloiiivti.1' >n el GP vwl! biseii the tiie/le APO. 



For the tii i** Jc CPK being sin r*tu ilie i-.-srel^ triangle CPK, <J * 
iuicGP horn the middle ot Ihe base tL b. setts tlic opposite angle (1 C, 
toroU !)• 


Corel* Hence il wc measure CP, CIS, CK, the distances CP, KP, ar* 

I I 2 
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found by similar triangles. For CR : CB :: CK : CP. And a perpen- 
dicular from B on CR will give the distance GP at another proportion. 

151. When it is proposed to trace 
a line through a given point P parallel 
to an inaccessible line AH, set up marks 
at any convenient points C, R, in the 
direction^jA^t BP ; next, by means of 
three equal isosceles triangles Caa, Paa, 

Oaa p trace PO parallel to CB f and OD 
parallel to PC ; then the direction DP 
is parallel to AB. 

For by construction OD is parallel to CA, and OP to CB ; therefore thf 
triangles ORD, CRA; and OPR, CBR, arc respectively similar ; 

Hence RO : liC :: OD : CA, 

And RO : RC :: OP : CB; therefore by equality of 

ratios, OD : OP :: CA : CB. 

Now the sides about the equal angles DOP, ACB of the triangles DOP, 

ACB being proportional, thoie triangles aietheielore similar ( 94 , carol. 1) ; 
and since the homologous sides aie respectively parallel and like situated, 
the third sides DP, AB must also he parallel. 

CoroL Because the quadrilaterals RDPO, R A BC are similar, if we mea- 
sure the sides RO, DP, KC, the inaccessible distance AB may be found at 
one proportion ; for RO : DP :: RC : .AB. 

151 fl . In casframett/afion it is sometimes necessary to change the di- 
rection instead of continuing the fronts of all the battalions or divisions in 
the same line. Let QR be two divisions of the encampment, the front* 
being in the same line OT, and IL the distance between them; and let it 
be required to place the other di- 
visions GC, &c. that the tronts 
SG, &c. may be in a given ducc- 
tionor parallel to a given line BA, 
the distance between the divisions 
remaining as before or RS = IL, 
and (as is usual) the two pro- * t c 
longations RO, SO of the fronts equal to each other ; 

In BQand 3A lake two equal distances BP, BD, and measure the side* 
of the isosceles triangle DBP; then the point 0 is found thus, DP : FB is 


r/ v . _ 

[/' o r 

/D C '~ * 


l 


i 




a 
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RS (op IL) : RO. Suppose BP= BD = 30, DP = SO, and RS s IL s 
30 Jeet ; then 50 : 30 :: 20 : 12 feet — RO. Therefore if RO be made = 
12 feet, a string or tape OS = 12 jeet, and another RS = 20, when stretched 
from 0 and R will give the point S, and the new direction OSG. For the 
triangles DBP, SOR b - ng similar (94), and RO parallel to PB, the angle* 
BOR, DBP are equal, and consequently OS is parallel to BD. 

152. From a given point P to let fall a perpendicular 
PG upon a given line AB. 


About P as a centre with any radius PD 
greater then the distance of P from AB, de- 
scribe an arc DC; and from D and C with 
a radius greater than half DC, describe arcs 
intersecting each other in R; join PR: then 
FG is the perpendicular required. 



Draw the radii RC , RD Then RC, CP being equal to RD, 
DP, respectively, and the side RP common to both the triangles 
RCP, RDP, those triangles are therefore identical, consequently 
the angles C PG, DPG are equal, and the triangle CPD isosceles; 
therefore PG is perpendicular to CD (46, corol. 1 ). 


When the point is nearly opposite the 
end of the line. From any point C in 
AB, describe an arc PDR ; take DR equal 
to DP; then join RP: and PG will he 
perpendicular to AB. t' j 

For by construction CD b^ects the arc PDR in D ; therefore 
PG is perpendicular to CD '651. 



Wheu a perpendicular is to be traced on the ground: 
Fast trace lie line CPD parallel to All (by HP); then 
a perpendicular to CD at the point P (137) will also 
be perpendicular to AB, 
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, 153. If the object P is inaccessible ; Set up 
marks at anv two convenient points It, Q, in 
AB ; then oil RP, QP, trace the perpendiculars 
QD, MN r » and the point of intersection Ogives 
the dircctipn of the perpendicular POG. 

A 11 

We have to prove that FOG is perpendicular to AB. 
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Conceive DN to be joined: Then because the opposite angles ODP, 
ONP, of the quadrilateral ODPN arc right angles, a circle will pass 
through the points O, 1), P, N, (72), therefore the angles ODN, OPN, 
standing on the same chord ON (of the circle) will be equal to each 
other (70). 


And since RDO, QNO are right angles, and the angle ROD equal to 
the angle QON, therefore the triangles RDO, ONO are equi-angiil.ir ; 
hence DO : ON :: RO : OQ; therefore the triangles ODN, OUQ, are 
also equi-angular (94, eorol. 1), lonsequently the argle ORQ =ODN = 
OPN. But the angles OUQ, GQN, together aie equal to a light angle 
(41, coroL 2); therefore OPN and GQN make .i light angle, and con- 
sequently PGQ is a light angle. 

Corel . Hence the three perpendiculars let fell fio the angles of 
a triangle upon the opposite sides, will intellect one another in the same 
point. 

Or thus : 

Let AB be the line, and P th inaccessible 
object as before. At any coii.eii.ent point tt 
in AB, trace a perpendicular* HO to AB, which 
continue till OI = RO. Make PI A a right line, 
then maih the point S where the lines AOS, and 
RP meet, also the point Bor rmu ohm* «l the 
lines AB and ls>B. And FB will be perpendicular 
to AB. 

For let JC parallel to AB meet AOC in C ; then AR : RB :: CD : DI (95), 
and by composition (94, schol ) AB : RB Cl : DI. Bui because the tri- 
angles 01C, ORC are similar, uid Q1 == OR, theiefoie Cl = AR, hence 
the last proportion becomes 

AB: RP::AR :Df. 

And AP : IP :: Att : DI, by thesim. triang. ARP, TOP; 

Therefore AB : RB AP :1P (by equality); therefoie ltl, BP 
are parallel (94). 
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CtroL By (his problem we may find the distance of an inaccessible 
object P from an accessible line AB. For if we measure AR and RB, 
will be AR : KI •: A 13: BP. 


151. On a given lase AB to make a Rectangle whose 
height shall be equal to a given line BC, 


At the extremities of the base AB erect the 
perpuujjculjrs AD,- BC, each equal to BC ; 

1) 

c 

then join DC; and ADCB is the rectangle 

A 

It* 

required. 

/V. 

u — 

— c 


For AB and DC being at the same perpendicular distance, 
they must therefore be parallel; and since the angles at A and 
B are right angles, the parallels AC, BC, will meet DC in 
right angles v 40, coroL 2>j therefore DB is a rectangle (22), 

Carol. 1. In like manner a square is constructed I) C 
on a given line AB by making the perpendiculars 
AD, BC, each equal to AB. 

Corol. 2. Hencealso, a line 'DQ) is drawn parallel to a given 
line tAB, at a given distance (BCJ. 


15 5. The followin'; is also a practical method 
ol d m ung a hue DC parallel to another line AO, 
at a giwn distance PD. * 



0 li 


■\Vitli (he given distance PD in the compares, p.bout any two points 
P, O, in Ail, a', milrcs, describe arts D and C; then lay the edge of a 
ru’ei to tom h tlif^e arcs, and draw the line required. For if PD, OCare 
ill a v, si to the points ol contact, PDCO will be a rectangle (67). 

To trace a Rectangle on the Ground. Having measured out one side 
(the (li.ecUmi being given) to the required length, erect perpendiculars 
s>l it i ends; then if those perpend i< uhrs are prolonged to the distance 
proposed, their tiomi ties will cvitfbntly mark the angular points of the 
Rectangle. 
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In like manner a line is traced parallel to another line inaccessible 
at ou 4 end, at a proposed dutauce from that £i<\ 

other line. Let it be required to trace the .line 
AB, parallel to the face of the bastion CD, at the %z; 
distance of 300 yards. ^ 




! 

» 

i 


Having taken the point G in the direction CD, -A 

make Gtt perpendicular to DG, and equal to 300 
yards; then if BA is traced perpendicular to GB, it will bc^ parallel 
to CD. 


If a battery is constructed at A against the bastion, the shot (at 
right angles to AB) will strike it) face CD in a perpendicular direction, 
or with the greatest force possible. 


156. On a given base AB to make a parallelogram DB 
of a given height GP, so that the sides AD, AB skull form 
a given angle . 


i/ 


From any point G in AB erect the perpen- _E5L__C_ 
dicular GP equal to the given height M3 7); 
through P draw DC parallel to AB (149); \ & 

and make the angle DAB qqual to that pro- 
posed (140); then draw BC parallel to AD: and ADCB is 
the parallelogram. For the opposite ang : es being equal, the 
aides opposite those angles will also he respectively equal (AO). 


Carol. Hence from a 'given point (A) to draw a line ( AD) to 
meet a given line ^DC) in a given angle BCP). At any point 
C in the given line, make an angle DCBjfqual to the angle 
proposed; then from the given point A draw AD parallel to CB; 
and the thing is done. 

157. To divide a given lute AC according to mean and 
extreme proportion ; or so, that the rectangle under the whole 
line and one part , shall le%ficjual to the square an the other 
part: or CA : CG :: CG : GA. 

Make CO perpendicular to, and = £AC ; 
about O as a centre with O C describe a circle ; 
draw AOD, and join DC, and parallel to it 
draw BG« Then CA : CG CG : GA. 
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Join CB. Then the triangles ABC, ACD being similar 
{99 i we ' have, AD : AC : : AC : AB, or AD : BD : : BD 
: AB (because BD zi AC); therefore AD is divided in B accor- 
ding to mean and extreme proportion: And because BG is pa- 
rallel to DC, it divides CA in the same proportion in G, as DA 
is divided in B (91, corol. 2). 

Coroh Hence ABzrGC. For becauseof the parallels BG, DC, 
we have AD : BD :: AC : GC (04). 

And AD : BD :: BD : AB; 

whence (by equality) AC : GC :: BD : AB; now the antece- 
dents being equal, the consequents GC, AB, arc necessarily so. 

158. In a given circle to inscribe a regular Pentagon . 

Having divided the radius CA ' by the 
foregoing Problem) according to mean and 
extreme proportion in G, make GB zi 
GC ; take AD zr AB; then draw BD, 
which will be the side of the pentagon, or 
the chord of \ of the circumference of the 
circle. 

Diaw GR parallel to AB : then CR zz CG, and RB z: 
GA ( 9-1 ). 

By conduction, CA : CG;: CG*: GA, or because GBzzGC, 
CB:GB::GB: RB. 

But the angle GBR is zz the angle GCB, therefore the sides 
CB, GB ; GB, RB about those equal angles, are proportional, 
hence the triangles BGC, BRG are eqm-angular 04, corol . l); 
therefore the former being isosceles, the latter BRG will also 
be isosceles, consequently RG 1: RR. But the outward angle 
GRC of the triangle GRB is ftjual to both the inward opposite 
angles, and therefore equal to twice the angle GBR; conse- 
quently the angle ABC, which is equal to GRC, is twice the 
angle GBR; therefore BG bisects the angle ABC. Hence in 
you i»/ a 
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the isosceles triangle ACB, each of the angles at A and B is 
double the other angle ACB. 

Now all the angles of the triangle ACB being -5- of two 
right angles, the angle ACB is of two right angles, and it* 
double, or the angle DCB zz y of 4 right angles: therefore DB 
is the chord of - of the circumference : and 5 of those chords 
.form the pentagon. 

Corot. l. Because the angles ABG, ACB are equal, and 
the angle CAB common to the triangles CAB, GAB, and the 
former isosceles, the latter GAB is also isosceles, and conse- 
quently AB rz BG ( — GC) ; therefore if the radius of a circle 
is divided according to mean and extreme proportion, the greater 
segment (GC zz GB — AB] will he the side (AB] of a regular 
decagon in that circle. 

Corot. 2. Hence also, BD bi&ccts GA, and the angle GBA. 

159. Theorem. The square on the side DB ofa regular 
pentagon inscribed in a circle, is equal to the square on the 
radius CB, and the square on DA the side ct the decagon 
taken together ( Euclid , B . 13. Pr. 10.): 


Let CO bisect the angle DCA; and 
join OA. 

The angle DCB is equal to— ^ nf 2 right 

and DCO tOy u - \ -r.'^Ies: 

Therefore OCB is equal to of ; right 
angles. 



And each of th. angles CDB, CBD is also equal to T V of 2 
right angles : % 

Therefore the triangle COB is isosceles, and OC zz OB a 
Consequently the triangles COB* DCB are equi-angular : 
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Hence, OB : BC : : BC : DB, therefore the square on 
BC is equal to the rectangle under OB and DB v 89, coroL l). 

And because the triangles DOA, DAB are isosceles, and the 
angle ODA common, those triangles are similar : 

Therefore AD : DO : : DB : AD ; hence the square on 
AD is equal to the rectangle under DO and DB : 

And therefore the m of the squares on BC and AD 
is equal to the sum of the rectangles OB x DB, and DO 
X DB. But OB x DB + DO x DB - DB 2 (84), that is, 
the square on BC the square on AD the square oh DB. 

160. On a given line AC to construct a regular Fen * 
tetgon . 

Mike CO perpendicular to and r7 
AC; through () draw AD to nnbe 
OD ~ OC : join CD, and lhat will 
be the radius of the mile in which 
AC h the side of the l\n'.n:!.on. 

Take OB — OC. Tie n as the construction is analogous to 
that iu J/'. 1 57; AD will then h re be di\.d d according to 
mean and cMume proportion in B; pul c .n&cqu* <it I % if ‘ D ia 
mad.* Uic radius of a circle, BD will i- he sine oi a Decagon in 
the same circle [ 1 />h, (WoL). 

But the triangles ADC, ACB are similar (137) • 

Hence AD: DC :: AO (DB » : BC ; 

or AD : DB DC : BC ; therefore DC and BC 
arc in h. ratio of the radius of a circle to the side of die in- 
scribed decagon. IK lice, Ik cause BCD i* a right angle, CD a 
-i-CB* BD® (vi ; ihcrrfoTi- if BD (ACj is tin side of a 
pentagon. OB will be that of the decagon, and CD the radiui 
of tin eircumsenhmi. circle (139) 5 

Therefore make AG, CO, each equal to CD; and G will be 
the centre of the circumscribing circle. 

KK 2 
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l6l. On a given line AC to construct a regular Hex* 
agon. 

Mike AO, CO each equal to AC (136); 
and the triangle AOC will be eqinlateral and 
cqul-angular ; then 6 of those triangles, 
having each an angular point at O, will evi- 
dently form the required hexagon. 

A Pentagon, or Hexagon, when the extent of the sides arc too great 
for the common measuring tapes or lines, may be traced on the ground 
by means of propoitio.nl distances ( 1 3fJ). Thu., suppose it is required 
to lay down a Pent agon whose side AC shall be 1 00 yards . 

Having made the angV dOd 72 degrees on in per 
041), measure equal distances O d, O d on a scale of 
equal p;irt>, suppose SO rath, then the distance dd will 
be 1M in ail) on the same sc ale. 

.Lay clown 5 triar.ulc*. DOD, &c, with the equal 
sides OD, OD, . each equal SO, and DT), &c 
equal to 'J\ fret ( I j.»). 

Then b\ suml 11 f 1 .. n-des, 9! (1)D) : SO (OD) 

: : 300 (A(') * ?»j /" t nearly rrr OC : theielmr 
If OA, OC, &c. aie imMsuied out to 2 j5 feet 
cadi, their extremities will mark the, angular points of the pentagon. 

And the Hexagon may be traced on the ground in the «ame mamvr bv 
means ol 6 equilateral triangles. 

But in tracing larjje and regular Wty, k» wheie exactnes is renuired, the 
angles at the centres should be laid down with a 'I'u-udolite, and the 
distances to the angular pom Is of the Polygons computed trigono- 
metrically. 

• 

N B. Of the common Geometrical Pmhlems, the foregoing are 
among the most simple and nercsshv ui I n*M-pj,ic tice. It is cas> to 
erceivc however, that great accuracy cannot be expected, particularly 
hen the Ground is not level. . , 

• y 

1 62. To divide a given line AB into a proposed number 
ef equal parts: suppose .5. 
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From the extremities draw AC,BD 
parallel to each other ; in those lines 
take 5 equal parts of any convenient 
length (BO OG&c. = AS = SN, 

&c.J join the opposite points of divi- 
sion ; and AB will be divided into 5 
equal parts. ® 

For BQ being parallel and equal to AR, AQ and BR will 
also be parallel and equal (so); therefore the lines joining the 
opposite points divide AB in the same proportion as the lines 
AR, BQ arc divided ^94). 

Or thus : — Having drawn AC in any convenient direction, 
take the proposed number of equal parts AS, SN, &c. as, be- 
fore; then join RB, and parallel to it draw lines from the 
points of division in AR, and they will divide AB into the re- 
quired number of equal parts '93). 

When the given line is too short to admit of distinct divi- 
sions, the following method is sometimes adopted to answer the 
same purpose. 

Suppose AB is a given line to be divided into 7 equal parts. 
In a h lie CO of any convenient 

length, uke 7 equal parts, suppose 35 ly 

from C to A; with CB n CA 

and AB — the guen line AB, 

make the isosceles triangle CBA ^ ^ O D A d 

{ 136) ; ta!;< ( C : DC* CR - CO, &c. and join the opposite 
points of division. 

Then by similar triangles, CA : CD :: AB : DC ; and be- 
cause CD i « of CA, DG vilPbe 4 of AB ; and therefore 
OR _ 7, See. and the shortest line PP = 7. 

163 Hence derived the method of making Diagonal Scales* Let 
a Scale be constructed to \2ths • of die line AB. , 
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Having divided AB into 3 equal p.'rts, 
draw two paid! lei lines AM, UK m.ikinu any 
convenient ang es with A'J: in those lines 
takr 1 equal distant e>, mppose from A to 
D, and from B to R ; and through the 
points of division draw 4 lines parallel to 
Alt; next, divide DR into 3 oqu il pans : 
then if the points o( division in A Rand DR 
are joined diagonally, the bt.de ;s < unstiuiled* 

For by similar triangles, KB : JW :: 1K> : OP; therefore RO being 
l of KB; OP will he t of BS, oi j ot -} (or T * s ) of BA . and the u, vl 
sion tut is x \, &c. 

If QR C 15 = BA i> the scale for a fool , OP is an inch, nn = 2 

inches, IP = 13 inches, & u 

But if we divide AB into 4 equal part*?, on Is 3 must be taken in AH and 
UK to make l "Ik*, of AB (because i x * = I-). 

Ccji^Ta !/// : — Resolve the i.uiT'hei to which the divisions aic to be e\- 
<;*;i<k*d, into two f a loi'', tin'll dm e ill-' gm-n line (AB) rito «ts many cur.il 
palls as iIiim* are umls ri op.* tafoi*, .i id t k ,s i.i.i y equal pails in 
the o 1 1 1 . . ’met (\l ! , PK) as fhe, e a;t u .ts ■ n thi nthrr. I Inis if AB is, 
dividi d into 3 eij«i d p.u I*-, • iiwl i.ii, i ik m m til, BK ; or d A/» is di- 
vided into and d die tjMiiiu lii, i»h, nullit. ase the stale givts 
l.iAVv of All. On the common Plain .N.il.-i, the equal pails in each line 
die 10, vvlmli give the divisions m lOtY/n. 

A line divided into equal pails, and one of ihe parts subdivided, ns in 
Art Ifl'J, oi eKe didgon.JK , n t died a line nr Scale o/ E/ual Paris. A 
variety arc to be touml on the < minium Plain Sale lit longing to a Cate 
of Instiumcnts, 

i 

164 . To find a wean Pioportional lettreen two given 
lines AB and BD. 

Take AB and BD in one line AD, which 
bisect in C ; and about C as <l centre, with 
CA or CD describe a semicircle; then if 
BR be drawn perpendicular to AD, it will 
be the mean proportional required (97* 
corol. 1 ). 
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165. To find a third Proportional to two given lines 
AB, CD. 

Draw two lines AG, AR making any A 1 ' B 

convenient angle at A j take AB = AB, C D 

AD and AO each = CD ; join BD, pa- .j. 

rallel to which draw OP : then AP is the 

third proportional required. \ 

For OP being parallel to BD, the triangles ABD, AOP are 
similar; therefore AB : AD (AO or CD) :: AO : AP (94). 

166. To find a 4th Proportional to three given lines 
AB, BC, CD. 


Having taken two lines AG, AR, as 
in the foregoing Problem, make AB — 
AB, AC = BC, and join BC ; then take 
AD = CD, and draw DP parallel to BC : 
By similar triangles AB : AC : : AD 
: AP the 4th. proportional required (94). 



167. This Problem is of very extensive use in the reduction 
of Seales, Plans , and Maps. We >,1mI| - ubjoin Examples. 


1. If AW’D bet!.. II. 11 
of a count* y, ,«n<l sm>pwsc 
tlied island 4 between tin* ob- 
jects O, l*, is 1700 paces of 
a horse at feci lmcIi , it is 
requited 10 make :i Scale of 
yards to the Plan, 


2-J X TOO 


ytirds. 
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Having drawn two indefinite 
lines OK p OG, forming any an- 
gle at O, make OS equal to the 
distance OP; and from any Scale 
of equal parts, set off OD = 

1558, and OR = 1000; join 
DS, and parallel to it draw UQ, 
then OQ is a scale of 10UO yards. This divided, ami subdivided is the 
Scale mw, in which each of the least divisions is Jou yards. 

Or without the construction thus: The distance Ol* measured on a 
scale is 1'53 inches. 



Then, as 1558 : 1*53 1000 : 0 of att inch, the length of tm the 

Scale of 1 000 yards . 


2, Let the Plan in the h-l Example be reduced to n Scale of 1 inch tm 
a mile ? 


On two indefinite line* 
OK, OG (as in the last 
example), set off OE = 1 000, 
and 011 = I7U0 (the >ards 
in a mile) from any conve- 
nient scale of equal pan>; 
and make ON = the scale 
tin ; join EN, and parallel to 
it draw H\V ; then OY\ is 
the scale of a mile to the 
Plan AliCD. 




Now with AC =5 OW, and CC = 1 
inch (the two Sc.dj*) make the isosceles tii- 
angle ACC: then because any two conc- 
sponding distances on the Plans inAst/;e in 
the same proportion as the two sc ales, it AR 
be made equal to the lentil h ol the Plan 
ABCD, and AS = All its breadth, RN and 
SP (which are parallel to CC) will be the length and breadth of the 
reduced Plan abtd M 
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l)i, without the Construction ■ 

A-, i;58 : 1-53 inch. (OP) :: 1760 : 173 inch, length of a scale of 1 
nth in the Plan A11CD. 

I 1 h-iv'lli and breadth of the PUn APCD are 1-89, and 1*15 inches 

'« sret i '’eJ\ ; 

ll,-u *, 1*7J : 1 ** 1*89 : l ’0 ) inches, the reduced length ad* 

1-7J . I* I r > : C*(i7 bre-icKli ab 9 


R v means of the triangle ACC we may transfer any points or lines from 
- ne Plan to the *.thei evaitiy in the same manner as the length and 
'» r e v 1th ad y ab, weif- lound For my diM.mrcs on ABCD Umg laid on 
At , the piop>rUonal defames on dn. ledmed Plan will he 1 he correspond* 
1 . 2 z paiahels to CC Bi • the I’roporty'naf Compancs are peculiarly 
.. t 1 lor expedition in op. i i iou> of this kind: Thu , shift the centre 
* »‘v*i iitiici .ill, at the Sti.w.ipomug, . lie i \trnl of the points at one 
end is equal to one of die Si ales (AC) >n«l the extent of the points at the 
otliei end equal to the oi he: Seile (CC). Then any opening or distance 
of the* points at one end, vdl gi»* the proportional or corresponding 
distance at the othei Or am tw j » lines in the same proportion as the beaks 
-nay be u-ed instead of die Scales themselves 


And ziis ryrw, my two r nnvspnti.liMg distances on two similai Plans or 
1 ips. and the leiigd, ot one St/ilr, will give the length of the other* 

I,* Suppo-c. a Map .s laid down rothesc. • AB of 40 f )0 Tona ; and 
1 1 ‘t be le tured lo adapt * Sf Jle (I'Q) ot Lnglish mites (J- lor example) 
to t'u sane* Map. 


'\ ut i *> i*h — \dliU 

■ . ' , Ain 't ) t 


Therefore 


’ lllix 
t t t»o 


* * 

Pi— +— 1~ 


i } 03 

i IQ, 


— *1 tt-J miles nearly the Scale AB. 



equal pads nu.ke 

OG r= the scale AB; join SG and draw RQ parallel thereto; then QO 
(PQ) is a scale of 4 miles* 
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Or thus The length of the scale All in 1 73 vnhs* : 

Therefore, as4-84w, : l*73w :: 4m. : l # 43iw the length of the 4 mile 
scale PQ. 


Ami the Map, or any part of It, may he enlirged, or diminished to a 
proposed Scale after ilie manner ot Exajnp. : i . I’or we ran suppose A11CD 
to be a given part of a large Plan. 


4. On a given line All to make a figure Nil similar to a right lined 
figure PD. 


With GD and All make the isosceles triangle 
ODD; and draw the diagonals GS, GC : 
r Ihen v as in the foregoing Examp. any lines of 
the figure PD being laid on GD, the corre- 
sponding lines of the required figure will he 
the parallels to DD. lims if GW = the di- 
agonal GS, and GO = DS; \V\\, and GO 
will be the diagonal AQ, and side KQ. 

Or the figure may be const me ted on the 
given one thus : 

Make Gn = All, then draw na t ua, and ab 
parallel to DS, SC, and CP. 

An isosceles triangle is preferable to any other 
forthese reductions, because the paiallels (\V\\ , 
OO) or \th% propoilioiials arc found with greater 
facility. 



N. B. The foregoing constructions which respect the reduction of figures 
are necessarily confined to a small scale; but the method may be * \teml'\f 
to Plans, or Maps of any size wlute\er. 

168. To find the centre of a given Cirde , 

Let any chord AB be bisected at right angles 
by GD, which therefore, will be a diameter to 
the circle : then C the centre of f GD, will also 
be the centre of the circle (63, corol,), 

Cr 

169. Through three given points, not It/in g in a right line, 
to deurije a circle • 
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Let A, B, D, be the three points. Draw 
BA, BD, and bisect tho 3 e lines wilh the 
perpendiculars RC, PC : ihen the inter- 
section C is the centre of the circle (65, 
corol.), which described with the radius C A, 
CB, or CD, and the thing is done. 



And in the same manner a circle is described about a triangle. 


170. Through a g:rtn point P to draw a Tangent to a 
circle . 

If P is in the circumference of the circle, 
draw the radius CP, then a line through P at 
right angles to PC is the tangent required (67 » 
corol. 1). 

When the given point P is without the circle: Draw PC 
to the centre C ; and on PC describe a semi- 
circle; then PA drawn to the intersection 
of the circles will he at right angles to the 
radius CA (72j, and therefore a tangent to 
the circle. 




171. To draw a Tangent to a circle parallel to a given 
line AB. 


Draw the radius CR parallel to AB. and 
make the radius CP perpendicular to CR; 
then a iue through P, parallel to CR .and AB) 
will touch (he circle in that point because it 
forms a right angle with the radius PC. 



172. On a given line AB to describe a Segment of a cir- 
cle that shall contain a given Angle. 


L L 2 
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At the extremities A, B t of the given 
line, make each of the angles CAB, CBA 
equal to the difference of the proposed angle 
and a right one ; and with C A or CB de- 
scribe a circle : Then the segment APB on 
the same side of AB as the centre C, will 
contain the given angle when it is less than a right one } 
and the opposite segment AOB will contain it when it is 
greater . 



For if RQ be a tangent at the point A, it will be perpendi- 
cular to the radius AC (67, corol. 1); then the angle CAB 
is the difference of the right angle CAQ and the angle 
BAQ; but BAQ is equal to the angle (AP13) in the segment 
APB (73). 


And the angle CAB is equal to the difference of the right 
angle RAC and the angle RAB, but this latter angle is equal to 
the angle (AOB) contained in the segment AOB (73). 


173. To cut off a segment from a given circle that shall 
contain an angle equal to a given angle ABC, Or to draw 
a chord in a given circle that shall subtend a given angle at 
the circumference . 


About B with the radius of the circle, describe 
the arc AC ; make the arc DRG double the 
arc AC, and draw the chord DG: Then the an- 
gle (DPG in the segment DPG is equal to the 
angle ABC (6gj. 



Or thus;— At any point (P) in the cirrmufennce, make an 
angle (DPG) equal to the gu'en angle; then the line <DG) 
joining the extremities of the sides including the angle, is the 
chord required. 


174. To inscribe an equilateral triangle in a given 
circle • 



Problem*. 

Bisect the radius CD at right angles with 
the chord AB ; join BP, AP; and APB is the 
triangle. 

Draw AD, BD, AC, BC. Then because 
OC = OD, and the side AO common, the tri- 
angles ACO, ADO will be identical (38); therefore AD is 
equal to the radius AC or CD ; consequently both the triangles 
ACD, BCD, are equilateral ; but the angle PAB = PDB, and 
PBA = PDA (70); and the remaining angle APB i9 =: 
ACD or DCB (7l) ; therefore the triangle APB is equi-angular 
and equilateral, 

A Square is inscribed in a circle by joining the extremities 
of two diameters which intersect each other at right angle3« 

175. To inscribe a circle in a given triangle ABD. 

Bisect two of the angles, ABD, DAB, and 
from the intersection C of the bisecting lines, 
let fall perpendiculars CS, CG, CR on the 
sides ; then if a circle be described about C 
with either of those perpendiculars, it will touch 
the sides of the triangle in S, G, and R. 

For the two angles at A being eqwal, and the angles at G, 
S right ones, and the side AC common to both triangles AGC, 
ASC, those triangles are therefore identical (38); consequently 
the sides CG, CS are equal. And exactly in the same 
manner it is proved that CR and CG arc also equal. There- 
fore the sides of the triangle will be tangents to the circle at G f 
R, and 3 ^67)« 

Carol . Hence three lines bisecting the angles of a triangle, 
*vill intersect one another in^he same point. 

# 176. To inscribe a circle in a regular Polygon AD. 
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Bisect any two adjacent sides (BA, BD) 
with perpendiculars CO, Cft; then their 
intersection C is the centre of the inscribed 
circle. 

Draw BC. Then the: hypotenuse BC being common to both 
the right angled triangles iiOC, BRC, and BO _ BR, the 
squares on OC, RC, will therefore be equal to each other (83, 
carol.), and const quuitly OC ~ RC- In like manner it is 
proved th..t the ^cr| eudiculars bisecting the other bides are all 
equal and meet in the same point C. Therefore a circle de- 
scribed with CO or CU will touch all the sides of the po- 
Jygon (67). 

And it is also evident that CB is the radius of the circum- 
scribing circle ; but tl is line bisects the angle ABD : There- 
fore to circumscribe a regular Polygon with a circle; bisect an 
two of its angles ^except opposite ones) and the intersection of 
the bisecting lines is the centre of the circle. 

177* To *tiake a square equal to iw^j given sqtiares. 

Let BA, BC, the sides of the given squares 
be drawn to form a right angle ABC; join 
AC, wnich will be the side of the square re- 
quired (83). 

And in the same manner a square may be made equal to 
three, or more squares. For example, suppose the sides of 
three given squares are AR, BC, and BG ; then because the 
square on AC is equal to the squares on AB, BC, if BR be 
made equal to AC, it follows that a square on GR will be 
equal to the three proposed squares. 

178- To make a square equal to the difference of two 
given squares . 
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With two indefinite right lines BG, BR, 
make a right angle B; take BA equal to the 
•ideof the less square; and about A as a centre 
with AC the side of the greater, describe an 
arc to intersect BR in C; then BC is the side 
of the required square (83, corol .). 



179- On a given line AB to make a rectangle equal to 
a given rectangh A GCD. 


On AD 'produced 1 1 necessary) take AB = 
the line AB: draw BR parallel to DC; and 
through O let AQ be drawn to meet DC pro- 
duced ; thou if OS is made parallel to ’DA, 
BRSA will b.e the rectangle required. 


S BJ H 

j 

7, 


O 


A. B 


A B 


For the triangle* ASQ, ADQ ; and ORQ, OCQ being 
respectively equal the quadrilaterals ASRO, AOCD must 
therefore be equal' but the former, together with the 

triangle AOB, and the latter with the triangle AOG, make 
the two rectangles BRSA, AGCD, those rectangles must 
therefore be equal to each plher, because the triangles AOB, 
AOG arc equal. 


180. On a given line AB to make a triangle ASB equal 
to a given triangle ADC. 

Draw AG and CG parallel to DC, and 
DA, respectively; then the parallelogram 
GD will be double the given triangle ADC 
(82*, corol . l): take AB equal to the 
given line AB ; and by the construction 
in the preceding Problem, make the 
parallelogram AR equal to the parallelogram GD; draw the 
diagonal SB ; and the triangle* AS B will be equal to the given 
triangle ADG. 

For the parallelograms AGCD* BRSA being equal, their 
halves must also be equal. 



181. To make a Triangle equal to a given Quadrilateral 
ABCD. 
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Parallel to the diagonal BO draw CG tb 
meet AD produced ; join BG: then the tri- 
angle ABG is equal to the given quadri- 
lateral. 

For the triangles BCD, BGD on the 
same base BD, and between the same parallels 
BD, CG, are equal (82"), therefore the triangle ABD, together 
with the triangle DBG is equal to the same triangle ABD 
together with the triangle BCD (32), or the triangle ABG 
equal to the quadrilateral ABCD. 



182. To make a Triangle equal to the irregular pentan* 
gular Jigure ABCDG on the side AB. 


S 

v 




u 

7 "- 


Let CR be drawn parallel to BD, 
and join BR. Then the triangles 
CBR y CDR, on the side CR and be- 
tween the parallels CR, BD are equal 
(82*); therefore the figure ABCRG 
with the triangle CBK, is equal to the 
came figure together with the triangle 
CDR, and consequently the given figure ABCDG is reduced 
to the quadrilateral ABRG. 


c 


Je- 


ts 


Now the quadrilateral ABRG is reduced to a triangle by the 
preceding Problem, thus s-^Parallel to the diagonal AR draw 
GS to meet BR produced ; then join AS; and the triangle ASB 
will be equal to the quadrilateral ABRG, and therefore equal 
to the given figure ABCDG. 


And in like manner any mni .1 -lateral right lined figure may 
be reduced to a triangle. 


183. To make a rectangle zqual to a given triangle ABC. 


Let the base AB be bisecled in D; and 
draw CR parallel to AB ; then if AR, DG 
are made perpendicular to AB, the rect- 
angle RD will be equal to the triangle 
ABC. 
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Dra\*' BO parallel to DG. Then the triangle ABC is equal 
to half the rectangle RB (82 coral. l) : but RD is halt the 
Tectangle, therefore it is equal to the triangle ABC. 

And therefore a rectangle whose height is half AR, and base 
AB will also be equal to the triangle. 

184. To make a square equal to a given rectangle ABCD. 

Extend AR till BR - BC, and on AR de- V 
scribe a semicircle, then produce CB to G; 
and the square on BG will be equal to the rect- y 
angle under AB, BR or BC (164). 



Schol. Hence by this, and the preceding Problem, a square 
may be piadc equa'» to a given triangle : and consequently equal 
to any given right-lined figure (182). 


18.5. To make a rectangle of a given magnitude having 
iU sides in the ratio of two given right lines . 


Let AB and BC be the given lines. 
Upon their sun* AC desciibe a semicircle., 
and make BD perpendicular to AC ; pio- 
duce DB ^if necessary) till DG is the side 



of a square cqud to the given magnitude ; 

join DA, DC, j.n>: through G draw R$ j>a. .IU to AC meeting 


DA, DC | >: o(l> iced (when necessary): Tlvu RC, GS arc the 
siikt. of the required rectangle. 


For the angle RDS being a right one (72"', and DG 
perpendicular to RS, thercfoie the rectangle RS x GS is 
equal to the square on DG (97. corol. 2), or equal to the given 
magnitude (by the construction); and btcausc RS is parallel 
to AC, the sides RG, GS, .aft: in the given ratio of AB 
to BC (93). 

JSG. If AC is a square on the line AO, and AQ, 
QP two given right lints; to find another square that 

M M 
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shall le to the square AC, us AQ is to QP. Or, to find 
two squares having the ratio of two given right lines . 


In any convenient direction from A, take 
the given lines AQ, QP; join QO, and pa- 
rallel there > draw PR to meet AO produced 
(if necessary): then if a semicircle be described 
on AR, OS will be the side of the required 
square. 



Complete the rectangle RC. Then because QO, PR are 
parallel, the triangles AQO, APR will be similar. 

Hence, AQ : QP :: AO : OR (94, c»rol 2). But the 
parallelograms or rectangles AC, OD having the same height 
(AB or RD) will be in the ratio of their bases AO, OR (S7) : 

Therefore AQ : PQ :: AO 2 tung* AC) : rcctang • OD 
[- OR xOCorOA) : 


But tkc rectangle OR x OA is equal to OS 2 (97, cojoL 2) : 
and consequently AQ : QP : : AO 2 : OS 2 , ilie required 
square. 


187- To describe a Jtpire (CRNO) similar to a given, 
r if it •lined figure BWAO, so that the latter may be to the 
former , as the line AQ is to the line QP. 

Find, by the last Problem, a square (OS 2 ) 
so that A£> : OP :: OA‘ : OS 2 ; and 
make ON -OS; draw NR, RC parallel to 
AW, WB, respectheU ; and CN 1* the figure 
required. 

For the figures CRNO, BWAO being similar ( 105 , Ex. 4); 
and because similar plane figuFcat are as the squares of their 
homologous sides (102), we have BA : CN :: AO 2 : ON 1 
(OS 2 ) :: AQ : QP (by the construction.) 

By this Problem, plane figures arc augmented, or reduced in 
Area according to any given proportion. 
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188. To make a triangle fACS) of a given magnitude, 
which shall also he similar to a given triangle ADB. 

Oil AB make the rectangle AR — to the 
given triangle ADB (183); then on AB 
(produced if necessary 1 let the rectangle AN 
he coiMruoicd equal to the magnitude of the 
required triangle, hiving its sides AS, SN 
in the ntionf AB to BR flS , draw CS 
parallel to BD, meeting AD produced : and AGS is the 
triangle. 

For the triangles ADB, ACS being similar, and also the 
rectangles AR, AN, we have (10,'), 

rectavg . AR : loctang. AN :: AB 3 : AS 3 :: Irian g. ADB 
: trian g. ACS : 

Or, rerfang . AR : rectang . AM :: ADB : ACS; and ths 
antecedents being equal bv the const™* tion) the conffeftients 
AN, ACS muu also hi* equal, or the triangle ACS — tho given 

ms * * % itude k hy construction.) 

Scfti'l. T h'^efore a mingle may !»■ rvide similar to one tri- 
angle and vqual u> .mother. 

M 

189 7 <• dcMi.’/e a figure ’ ASOW 1 simitrr *o a given 

Jigurc A iCi)K, andequi < to a given i g,i‘-..ned jig’irc G. 

Let tie i (Lures LB, and G h*_* i evinced 
to squirts i SSI, IMJ. I hen htcons ue- 
tion uiiJ l\ 'dc nily be exactly tbe same as that 
of die pre*. tiling pro'dtni. For if the rjet- 
ang e A R bt in ule up* tl to . ii j figur. KB, 
and a similar rectangle AN eq Al to G 
the side AS of that rectangle will be the base 
of the requited figure: then the sides SO, 

OYV, WP being drawn parallel to the corres- 
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ponding sides of EB, the figure PS will be similar to EB, and 
equal to AN or G. 

Methods of determining distances ly means oj similar 
Triangles traced on the Ground. 

1Q0. To fnd the length of the line AB accessille only at 
loth e?ids. 

Having fixed on some convenient point 
P, measure BP and AP; and prolong those 
line* till PG n PB, and PL) ~ PA ; then 
the distance between the points D and G 
Will be equal to AB. 


For the sides of the triangles GPD, BPA about the equal 
angles at P arc respectively equal, therefore the third sides GD, 
BA \y A also be equal (58). 



Or thus , 

Having measured PR, PA ,'as before), take PC some conve- 
nient aliquot pait of PB, ami PO the same aliquot part of PA ; 
then measure the cross distance ()C\ which will be the like ali- 
quot part of the required distance AB. 

Fnr the -ides PO, PA, PC. PB being nioportional, the tri- 
angles Or C, vPB will be snn lar ; 

Hence PO . P V :: OC . AB , therefore whatever pari PO is 
of PA, the like OC will be ot AB 91). 

- 1 ' pose T A = 3 P '2, and PB ='4H J £rf; and let PO, PC he J of PA 
P13, or equal to 7S/. j uid 8?/ r, »i/# And suppose OC measure's y.) \ 
feet ; then A* 5 = 1>J a x j = 167 £ fed. 

191, When the line (AB) is accessible at one end (B) 
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We suppose some object at the in- 
accessible end A : and let a mark be G- 

set up at B : then in the direction AB 
take BG (the longer the better), and 
through a convenient point P, as in the 
preceding problem, let the distances 
BD, GR be measured, so that PD z= 

PB, and PR - I G ; then if a mark 
be set up at K the intersection of AP and RD when produced* 
DK will be equal to AB. 

For the triangles PBG, P DR being similar and equal in 
all respects* the triargles PBA* PDK will also be similar and 
equal 95). 

Or BA may be found without the distances PD, PR, 
thus; take PC, PO, like aliquot parts of PG* PB; then SO 
will be the same aliquot part of BA (95). 

For PO : PB : : OS : BA. * 

Suppose PH= H2, PG ='164 Jcvi\ and that PO = 11 04, PC = 116 
jcct f \ o. PB ml Pu) , aKo, suppose OS measures 113 feet\ then £ A = 
15 J /erf ■ tor HO? ■: 113 : 435?. 

192. Let O be an abject on the opp**\He side of a river ; 
to find ike disluncc DO. 

Lay down an isosceles triangle DBA, 
the side DB bung in anv convenient 
direction; tlu.11 having measured a 
base DR* s' up a mark at R; and in 
the same direction take another base 
Rd, and m.ikc the tri ingle dla similar 
and equal to DBA da bcii.g parallel 
and equal to DA) : then find the con- 
course (C) of the lines ORC, i/aC, and measure dCi 

By similar triangles* Rrf : dC : : RD : DO* 
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Suppose DR = 300, R// = i J 0, and <*C ss 270 %fiet 9 
Then 80 : 270J- :: 300 : 1014 fcttntur'y = DO. 

193 . But the most expeditious method of finding the di*. 
tance to an inaccessible objects is by means of * Rhombus, as 
follows : 


ft 


An 


D 


Suppose O the object, ctvd OB the required 
distance. — With a line or measuring tjpv whose 
length i* aju.il to the side of the unaided ih am- 
bus, Jay clown one side BA in the direction BO, 
and let BC another side be in any convenient di- 
rection : fasten two ends of two of those lines at 
C and A, then the other ends (at D) being kept 
together, and the lines sketched 00 the ground, those line* AD, 
CD will form Lhc other tio sides of the rhombus. Set up a 
mark at R where CO, AD, intersect ; and measure RD : 

Then the side* of the triangles RDC, CBO being respectively 
parallel, the triangles will be similar; hence, RD : DC :: CB 
: BO. 


Suppose the side of the rhombus is I0^> /cat, and Jv3 = 11/. Tim. then 


Jl/* : 100 : : l(V ! 803 jvtfi nuely = OO. 

• 

„a 


Or thus Having laid down the rhombus, 



mark the concourse of the lines ODS, BCS, and 



measure CS : 1 hen CS : CD :: AD : AO. 

at 

j 

f D 


p> < 

^2 


Jf the ground is nearly level, a rhombus whose sidt is 100 feet will deter- 
mine distance", to the extent of 300 yards within a very few feet of the 
truth. f 

« 

194. To find the length of an inaccessible line (QR) by 
weans of a rhombus . 
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At some convenient point B, 
lay down the rhombus (BADC), 
so that two of its sides BA, BC 
are directed to the extremities 
of the line. Mark the inter* 
sections O and P (as in the first 
case of the preceding: problem) : 
then the triangle ODP will be similar to the triangle RBQ ; 
and OP parallel to QR. 

For each of the rectangles DO x BQ, DPxBR being equal 
to the square on the side of the rhombus (as in the preceding 
prob.) they must therefore be equal to each other, or DO x BQ 
— DP x BR ; therefore DO : DP :: BR : BQ ; and since 
the angles at D and B are equal, the triangles ODP, RBQ will 
be similar (94, corol. l). Therefore OD : OP : : RB : RQ. 



Suppose OD = 9/. 5im. PD = 1 \f. 10m. OP = 13/. 7 in. and the side 
•f the rhombus — 1 00 JecU 


Then 11*2 : 100 :: 100 : 


tS?-“ 


Therefore 9^ (OD) : 13/ r (OP) 
1219 fret = HQ. 


10000 . loono X I3£f , 

II n * ' ' ti b v 1 iio 

1 *fi J ii x “fi 


Therefore the inaccessible distance RCt is found by multi ply- 
ing the square of the side of the rhombu> by OP, and dividing 
that product by the product of OD and PD. 

The length of an inaccessible line may also be found by 
tracing a quadrilateral, as in Art . 151. Both methods how* 
ever, arc necessarily confined to moderate distances, and re- 
quire much care in the execution in order to bring out satis- 
factory results, ^ * v 
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Definitions. 

195 . A Triangle has three sidesand three angles: And 
tny three of those being given (the three angles excepted) the 
others are found by means of similar triangles : This is the 
business oFTrigonometry. 

196 . Hence it follows that Plane Trigonometry will admit 
of four different Cases : For the data may be 

1 . One side and two angles. 

(Therefore the 3d. angle is also given, j4rt . 41). 

2 . Two sides and an angle opposite to one of them. 

3 . Two sides and their included angle# 

4 . The three sides. 

197 . The sides of the similar triangles for lines proportional 
to those sides) which enter into the computations, are called 
sines , tangents * secants , &c. 

198 . Let C be the centre of a circle, 

CR a radius pcrpendicuhu to the diameter 
WB* and PCB an angle* its measure be- 
ing the arc OB (64* 144). # 

Draw the chord OS and BG perpendicular to the radius CB ; 
and ODj RP perpendicular to the radius CR. 
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Then, 


AO is the Sine 
AC or OD the Cosine 
BG the Tangent 
RP the Cotangent 
CG the Secant 
CP the Cosecant 


sof the arc OB, 
I or angle PCB. 


273 


199* The Cosine , Cotangent , &c are the Sine , Tangent , 
&c. of the complement of the angle PCB to 90 degrees , or a 
right angle ( co being a contraction of complement ). 

Thus, OD or AC is the Sine, 

RP the Tangent, 

CP the Secant of the angle PCR which the com- 
plement of the angle PCB to a r-gtn angle; for the angles PCB, 
PCR together make the right angle BCR. 

200. The Sine, Tangent , ami Secant of an angle PCB are 
also the Sine, Tangent , and Secant ot its supplement PCW, or 
the difference of PCB and ISO degrees . 

201 . AB is the versed sine of the arr OB or angle PCB : 
and AW the versed sine of the angle PCW. 

L'trl. When the arc is a quadrant or 90 degrees, its sine is 
ilu; nt dins, and tmine O: But tnc ttu,gL nt and secant are in- 
finite, hi ( ause liny become parallel and iherctorc do not meet. 

Thus, CR is the sine ofQO degrees or the right angle RCB. 

203. The degrees, minutes, &c. contained in an arc or angle 
arc usually maikcd thus, °, ", &c. So 29°; 57', 42" denote 

29 degrees , 57 minutes , 42 seconds . 


* 

201. Corollaries . 

1. IIciicc it appears that (AO) the sine of ap arc (OB) is 
half the chord (OS) of twice lhat arc (63). 
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2. Because the lines in and about the quadrant RCB form 
equiangular triangles, we have, 

CA : AO :: CB : BG, 
or, cosine : sine :: radius : tangent. 

And, CA : CO :: CB : CG. Therefore the radius is a 
mean proportional between the cosine and secant of an angle. 

And BG : BC :: CR : RP. Hence the radius is also a 
mean proportional between the tangent and cotangent . 

3. When the angle is 45° or half a right angle, the sine and 
cosine are equal; and the tangent and cotangent each equal to 
the radius . 

And other properties are easily derived from the same figure. 


Of computing the Sinc$> Cosines , &c. 

20 5. Since 4 right angles contain 360° x 60 or 00 
minutes , it follows that the side of a regular polygon of 
10800 sides inscribed in a circle, is the sine of an arc or angle 
of l'. Half the side of a polygon of 5100 sides, is the sine 
of 2'. And half the side of a polygon of 2700 sides, the sine 
of 4 ; , &c. But these figures cannot be inscribed geometrically ; 
for which reason the formation of the Trigonometrical Canon , 
or Tables of Sines, Tangents , &c. has been attended with much 
labour. Before fluxions were invented, the method of approxi- 
mation was by continual bisections, which brought out chords 
corresponding to arcs in a descending geometrical progression ; 
in this manner, the chord of a small arc being obtained, the 
chords of other small arcs weje inferred from analogy on a sup- 
position that the chords and arls are nearly proportional when 
the angles arc small : To explain this. 
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206 * Let CRB be a quadrant. 

Make the chord BG equal to the radius 
CB; then the triuigle CGB being equi- 
lateral, the angle GCB or arc GPB will 
contain 60". Draw CP to bisect the 
chord BG; then GD or BD is the sine 
of 30° or the angle GCP or BCP. And 
if CO be drawn to bisect the chord BP, 

OPjwill be the sine of 15° the angle PCO, 8tc* 

If the radius CB or CG is 1, then GD is =0*5 the sine of 
30° : and the cosine CD is equal to the square root of the dif- 
ference between the squares of CG and GD (83, corol*)* 

The square of ) is 1, and the square of 0*5 is 0*25, their dif- 
ference is 0*75, whose square root is U'b6602540378 &C. — 
CD the cosine of 30° or sine of 60°, which taken from the 
radius CP (l) and the remainder is 0*13397*159621 See* the 
versed sine DP. 

Now the chord PB is equal to the square root of the sum of 
the squares of DP and DB (83 f and is found to be 0*51763809 
&c. its half is 0*2588 19045 See . = PO the she of 15°. 

And the cosine CO is r- 0*905925826 &c the square root 
of th'i difference of the squaics of C Panel PO. 

And the next bisection would give the \>ne of 7-J degrees. But 
this method, though perhaps the irnwL obvious, must evidently 
be extremely tedious. The like hi ections, however, niair be 
obtained with much greater facility by means of the following 

207. Theorem. If any arc BPG of a semi-circle be 
bisected in P; then the chord SP it a mean proportional be - 
tween the radius CP , and tke* chord SG and diameter SB 
taken together . 
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Produce SG till GR is equal 
to the diameter SB, and join 
PR ; then SR is equal to SG 
and SB. 


Now the quadrilateral SGPB being in a circle, the external 
angle ' GR is tquJ to the angh PBS (75 . And because 
BS GR, and PB “ PG, therefore in the triangles PGR, 
PBS, the side^ about the equal angles PGR, PBS aie equal, 
therefuie tin iri.innlis are identical, and consequently the thud 
sides PR, i S are also equal. And because the angles PSC, 
PSG are equal ( 70, coml. ), the isosceles triangles SPR, SCP 
will ihcreloie he equi.u gular. 

Hence CP : SP :: SP : SR, or SP* - CP x SR. 

Now if the radius* CP be J, ‘‘■P 2 will be equal to SR, and SP 
equal to the squire root of SR, or equal to the square root ot the 
sum 2 * G, (because GR — SB 2). 

Hence, if the supplemental chord SGj of anv arc (BG) be 
increased by th diameter (2 , the Mjn.m root of the sum will be 

the supplemental chord \SP, of halt the arc (BG). 

« 

008. Let the chord BG be equal to the radius, then RPG is 
an arc of fio c . And lkt\ui-c the angle SGB is a riglit one (7*2), 
SG :*■ equal to the -qu.ire to .t ot Hie dulcrence of the squares ot 
S13 and BG nn oL f . 

The square of SB ^ t, and the square of BG is l, therefore 
SG the supplemental chord n. die a»e BG or ± of the eireuni- 

fermceis l'7320j0b07. r j(.bS7 <Vc. die square root of 3. 

« 

Consequently SR is -- C- f 1^7 3 f J'i"»0S075fl8S7 See. and its 
square root is 1 *031 So 1^525 781 3 &c. SP the supplemental 
chord of the arc BP or T ? of llie circumference. 
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And the square root of 2 -b 1-93185105257813 &c. is = 
1*98288972274762 8cc, the supplemental chord of \ the arc 
BP, or °f l ^ e circumference. 

In this manner, after eleven bisections, we get 2 + 
1*999^9973854478 the square of the supplemental chord of 
ttttf l he circumference or l' 45" y4 : Which taken from 4, 
the square of the diameter, 'caves 0*00000026 145522 the square 
ofthechordof l' i5 u ^ : And the square root is 0*00051132692 
the chord of l' 45"j£, or the side of the inscribed polygon of 
12288 sides*. 


Now the chords of small arcs being nearly in the same pro- 
portion as the arcs themselves, we have, 1 ' 4 5 "*- \ : 0-0005 1 1 32692 
: : 2' : 0 00058 17764 the chord of the arc of 2'; and its half or 
0-0002908882 is the sine of l'. 


And the cosine is ~ 0*9999999577 the square root of the dif- 
ference of the squares of the radius 1, and the sine. 

209. The sine and cosine of l' being given, the sine of 2' 
will be equal to twice the product of i hut sine and cosine • 


/ 


Cr 

U P 





For It t B he the centre of a circle, 
and OD, DC the sine and cosine of the 
arc OB or angle OCB, and GP the sine 
of GB or twice the arc BO. Then if CR 
he perpendicular to SG it will also bisci r 
it k 65 . A’ u because the angles OCB, GS° are equal (71), 
and CO equal to SC, the triangles SRC, CDO will he equal, 
therefore SG is equal to twice tlie cosine CD, and the triangles 
SPG, CDO arc similar ; 


Whence, CO : OD :: SG (2CD) : GP; 

• _ | 

Therefore when the radius C0^is=], GP is =: 2CD x OD(89). 
Again CO : CD :: SG (eCD) : SP: 


* See Ludolpli Van Ceulen dc Circulo ct Ad script i ?, where the bisections 
are continued 30 tunes, and the supplemental chords brought out to 40 
places of figures, * 
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And if CO is 1, SP is = sCD x CD, oraCD*; and the 
tosine CP equal to the difference of SP and SC, or the difference 
of 2CD B and 1 . 

Therefore if the angle OCB is l', GP the sine of s' will be 
= 2 x Q'999y9£9y/7 X 0*0002908882 = 0-000581 77^4. 

And the diflV rence of twice the - quare ot 0*99999. l ‘:y577 and 
l f is 0*9999993303, the cosine ot 2. 

310. But to find the sine of 3 , or the sine of triple an are 
when its sine and cosine are given. 

Let SH be the sine of the 
arc BS ; OS or OG the sine 
of hull the arc SDG; and GP 
the sine of the sum of both 
arcs BS and SG Then DS 
is the common difference of 
the arcs BS and BO, and BO 
and lUi; and therefore the arc BD is an arithmetical mean be- 
tween the arcs BS, BG. 

On CB let fall the perpendiculars DK, r I, and draw SR, 
OQ parallel to BC : Then because OS, OG are equal; QG 
and QR will also be cquai (93 ■■ : and RG being the difference of 
the sines HS, PG, therefore QG or QR is half their difference, 
and 01 half their sum. 

Now the triangles COI, CDK being similar, we have 
CD : DK :: CO : OI; therefore when the radius CD is I, 
01 will be = CO x DK : 

But DK is the sine of the mean arc BD : therefore the pro- 
duct of DK the sine of the mekm>arc, and CO the cosine of the 
common difference DS, is equal to OI : consequently 2CO X 
DK is equal to twice OI or the sum of HS and PG : and there- 
fore PGis equal to the difference of 2CO * DK and HS. 
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Now if the arcs BS, SD, DG are each l', then HS is the 
sine of I'; CO is the cosine of l'; and DK is the sine of the 
are BD of 

Therefore to find PG the sine of 3 ', multiply twice the cosine 
of 1 ' by the sine of 8% and subtract the sine of l' from the 
product. 

And if the arc BS is 2 ', and SD, DG each 1'; then DK is 
the sine of 3', and PG that of 4': 

And PG is equal to twice the cosine of l' x sine of 3* minus 
the sine of 2 '. 

In like manner, if BS = 3' ; SD and DG each = l' ; PG the 
sine of 5' will be = twice the cosine of l' x sine of 4' minus 
the sine of 3' : and so on for the sine of any multiple of the 
arc 1'. 

Corol. If the mean arc BD is 60“ , then CK the sine of 30* 
will be equal to 4- CD (205); and because the angle IOS is 
the complement of IOC to a right angle, the triangle RGS is 
similar to the triangle OC I orDCK, therefore RG will be = 
4 GS (the arc BD being 60°) or the sine of the arc DG or DS ; 
consequently PG (or PR RG) will be equal to SH + OG : 

Therefore if two arcs be taken, one*greater than 60°, and the 
other as much less, the sine of the gre ner arc will be equal to 
the sine of the less are, together with the sine of the arc which 
is the common difference from 6o°. 

Thus if the two arcs are 15° and 45°; then 0*2568 &c. the 
sine of 15° added to 0*7071 &c. the sine of 45°, gives 0*9659 
&c. the s'.ne of 75°. 

f 

211. The sines and cosines being found, the tangents , co- 
tangents, See. are obtained from similar triangles (see the fig. 
Art. 198 ): 
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Thus, 

AC : AO : : CB : BG, 
or cosine : sine : : radius : tangent . (204), 

And, AO : AC :: CR : RP, 

sine : cosine : : radius : cotangent . 

Also, AO : CO :: BC : CG, 

cosine : radius : : radius : secant . 

And, AO : CO :: CR : CP, 

or sine : rudius : : radius : cosecant . 

212. When the ji/m?, cosz//e.5, &c. are computed to every 
minute up to 4.5°, and arranged in columns, they form a Table 
of the natutal sines, cosines , See. to every minute of the 
Quadrant: these arc called natural sines , &c. because they 
exhibit the lengths in parts of the radius : i. the Logarithms 
of those numbers or ‘natural sines, &c. comp the art ificial 
or Logarithmic Canon • 

Of the Tulle of Sines and Tangents • 

213. The Table contains the Logarithms of the Sines and 
Tangents to every minute of the quadrant. Two degrees are in 
each page; and the minutes in the leit, and right hand columns, 
answer equally for both. 

The degrees up to 45 are at top, the minutes being iu the 
left hand column ; but the degrees from 45 to 1)0 necessarily 
fall in a contrary order at bottom, and the minutes are num- 
bered upwards on the right. 

Thus, if the arc or angle be 1 j° 17' (page 32) : 

1j° 17 sine 1M209J3 the cosine 

cosine 9\ l »84363 &we 

tang. 0'436 j10 ... eviang. 

cotung. 10*563430 tang. 


of 74° 43'. 
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214 . Rut if tlic radius or sine of 90° be 1 , its logarithm is 0 000000 ; 
and therefore as the sine of any other are must, in that case , be Jess than 
1* the index of its logarithm will be negative (I 66, Arith.). For example, 
when the radius is 1, the sine of 30° is = \ t and the cosine or sine of G0° 
is 0’8o602540378 &c. (206). Now the logarithm of \ or 0‘5 is 
— I ’693971); and the logarithm of 0'8GG023 &rc. is— 1*937 >31; these 
arc the log. sine, and cosine of 30° in the Table, excepting the indices, 
which, instead of — 1 and — 1, are 9 and 9. 

If therefore, to avoid the use of negative indices in the logarithms 
(l»i, Arith.) we multiply, or suppose all the sines, &c. to be multiplied 
by J 0000000000, 

we shall get 0-3 X 10000000000 = 3000000000 ; 

And the log. of 5000000000 is 9 698970, as in the table. 

Also, 0*8660251033 x 10000000000 = 3G6'0254038; 

And the log. ol 8GG025103S is 9-937531, the tabular cosine. 

The log. of the radius or sine of 90° will be lO’OOOiOO, which is the log. 
ot I x 1OO00OU0000. 

In like manner 0 0009908832 the sine of 1' multiplied by 10000000000 
g’ves 2908882, whose logauthm is 6' 163726, t '\*: log. sme of 1'. 

I >n L the same indices will evidently result by considering the sines, &c. 
as competed to a radium of IOOODOUOOOO equal uarts : 'Finis in th*caily 
pi in ti* i tanh s of uatuial sines, tangents, find 1279978 >1 the tan- 

get/ in li. *h ■ udnts being KlOOOOOOilOO : t onsequeully 8-1U720J the 
iogiiith.it < 1 : .'I, is the tog. tangent of ii\ 

215. The log . si ( ant of an arc or angk is found by adding 
10 to the index of the arithmetical complement of the log. 
cosine . 


Thus, if the pioposed an^le be 30°: 


Then (211), 

A® COM nr of )0° 


to the radius 
so is the radius 
to the secant 


log. .0 9)7531 

U Uu : 1-1.9 arith* comp . (1S5, arith.) 

log. 10 uooooo 

log. lO'OOUOOO 
log. 10 DO 'if 9 


TOL. I 


o o 



483 


TRIGONOMETRY. 


And the index of iJic arithmetical complement of the log. sine increased 
by 10 gives the log. cosecant. 

210. To find the log. versed sine of an arc, add the log. 
of the number 2 to twice the log. sine of } the arc, and the 
sum, rejecting 10 in the index, is the log. required. 


For let ADB be a scmi-circlc, DR and 
RB the sine and versed sine of the arc 
DB: Then ADB, DRB being right 
angles, the triangles ADB, DRB will be 
similar, and we have 

AB : DB :: DB : RB, 



consequently DB is a mean proportional between AB and RB : 
and when the radius is 1, the diameter AB will be 2, therefore, 

DB* 

if for AB and DB we substitute their measures, is the va- 

2 

lue of RB. 


Bisect DB in 0; then DO or BO is the sine of the arc 
DB : and because the square on any line is equal to 4 times 
the square on 4 that line, iBO" will be equal to DB*; therefore 

- -_ Q - or 2B0*is the versed she RB. 


Suppose the arc DB — .00°, th-ii BO U the sine of ! j° j 
V>° log. tine 

n 

is 130 s 

•: lop;, ooqidjo 
Farmed sine ol loj-. ') ' J7u vi 

Sine RB : RD :: RD : RA; therefore RA, the versed 
sine of the supplement, is a third propoitional to the veised 
sine and sine of an arc, * 
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Let the arc DI3 = 30°. Then 30° log* sine (UL?) 9*CP8£>70 

19-397940 
log. versed sine 9-127022 
Sup ft. versed sine log* 10 270918 

21 7 . If at any time it should be thought necessary to make 
use of a log . sine or tangent to parts of a mi?iute> it may be 
found tolerably near by taking the proportional part of the 
difference of the log . sines or tangents next greater and next 
less [174 t Aritlu). 

Thus, suppose tlie log. tangent of 17 1 20" is required : 

17' log . tong. 7*694 179 
IS* log. tang. 7*7 I c> 00 ) 

2 1 S ■,? 1 ditlerenc p. 

Then, as 60" : 24324 :: 20": 8273 which added tn the log. fa.*g. of 
17' gives 7 702434 the fog long, of IT 7 2i/ # neaih , the mor being in defect 
because in tiiis part of the Quaditinf, the thlleic rtces of fho log. tangents 
in succession, decrease ; tor example, the (IiiIcipiicu ot the log. tangents 
of IS and lit 1 is less than that between the log. tangent j of 17* and 1S # , &c. 

And the foregoing operation reversed brings out the arc cor- 
responding 10 a given log. sine or tangent: 

llnr, to hnu the arc or angle answering to the fag* sine £*613714: 

si veil log. 8-0*137 1 1 

next 1< ^ 8 h J 23 (/3 fag . sine 2° \3 1 1 

diff. 11^1 

And the differciue o i the fag. sires of 31* and 2° 32’ is 2863 : 

Then, as 2863 : 60" :: 1131 : 21"; therefore the angle is 2° 31' 24 r \ 

218 . To find the natural sine, Cc.c. corresponding to a 
given logtiithmic sine, ike. when the radius is 1 ; take the 
number answering to the given logarithm from the table of the 
logarithms of 1 lie natural nutnfiers; then the first figure on the 
left will he as many places to the right of units as the index is 
below 10 5 or as far to the left of units as the index is above 
10 (2J4J. 


003 



984 


TRIGONOMETRY* 


Thus, 7-241877 is the log. sine of 6'; ami the number answering to the 
logarithm -241877 is 17453, therefore 0*0017453 is the natural sine of 6 f to 
the radius 1 . 


Again, suppose we would find the natural tangent of 59° 2 l\ 

The log. tang, is 10*228120, and the number to the ’og. *228120 is 
169091 ; now the index being 10, the iiist figine on the lett will bean in- 
teger; therefore 1*6901)1 is the nciti.rM tangent o 1 59° 2P. In like manner, 
the natural tangent coi responding to the log. tuiig. 12*104901 is 
127 321 &c. 


219 . The use of the sines in the resolution of Plane Tri- 
angles will appear from the following 


Theorem. The sides of evert/ pinna Triangle me in the 
same proportion as the sines of their opposite angles. 


Let ABD ho a triangle; C 
the centre of its circum- 
scribine circle : then the ra- 
dii CA, CB, CD being 
equal, the triangles ACM, 
A CD, BCD, arc isosceles. 





About C with any radius 
CN„ describe a circ is , and 
draw* the chords NS, NQ,’ (2$, whic h bisect with the perpendi- 
culars CO, CR, CP; and the angles NCS, N T CO, OCS, will 
also be bisected (4G, coral, i). 


And since tlic side* or radii CN, CO, CS, arc equal, the 
triangles NCS, NCQ, OCS will be isosceles and similar to 
ACD, ACB, BCD, respectively, 

whence NS : AD :: NO : AB :: OS : BD; 

and NO : AD : : Mi i AB :: QP BD, because 
the halves of any lines must have the same proportion as the 
wholes. 


But NO is the sine of 'he angle NCO; NR the sine 
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of NCR; and QP the sine of QCP to the same radiu9 ( 204 , 
carol. I): And (71) the angle NCO is cqvd to NQS (or 
ABD); NCR equal to NSQ (or ADB); and QCP equal to 
QNS (or BAD . Therefore the sides AD, AB, BD, have the 
same proportion as NO, NR, QP, the sines of their opposite 
angles. 

Thus if thi' angle A = -12°, B = 64°, D = 74°. Then the minis CQ, 
CS or CN b^ng = 1, 

NO = -89SS Ac. sine of <71° the angle B # 

NR = .On 1:3 &e. sr/te oi 74° angle D, 

QP = ’OoOl & c. sine of 42° angle A; and their doubles, 

o" NS = I'TOTG, NQ = I'iWfi, QS = J\77SJ are the sides of the 

1 1 tangle NQS which is similar to the triangle ALU). Hence if one side of 
the triangle ABD be given, the other sides are found by propoition. Let 
DB (for example) = 100 yard s; 

Then QS : NS . : BD : AD, 

KttS'J : 1 *797 <) :: 100 : 

or •bfii'l : *S'>S8 :: 100 : 13 )• 3 yard* neatly, by using the cities 

ni halves of QS ami NS, which have the saine ratio as the wholes. 

And QS : QN : ; BD : BA, 

or : -i'o 1 3 :: 1 00 : 11-7 7 yards nearly, by taking the halves 

of QS and QN. But it is much more expeditious to work with the 
togas tt Inns of the sines. 

220. But independent of computation hv the table of Sines, 
Tangents, &c. the several cases of Trign lometry are also re- 
solved gcomehicalh / ; and hist rumen l ally. A scale of equal 
parts, with a Lane of Chords or a Protractor for laying down 
or measuring angles, are sufficient for the geometrical construc- 
tion, which is the most simple but hast accurate method of 
solution. 

The Sector is an instrumenbparticularly adapted for trigono- 
metrical operations. On each of its legs- are laid down the 
natural sines, tangents, &c. together with the corresponding 
radius divided (on the 6-inch Sectors) into 100 equal parts: by 
those lines* the common proppriions in trigonometry may bg 
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wrought tolerably correct: But the Logarithmic or Gunter's 
Scale is the most commodious for that purpose. This Scale 
on the sector usually consists of three contiguous lines, 
namely, the line of numbers, that of sines, and the other 
of tangents, marked N, S, T ; part lies on one kg, and part 
on the other, and therefore the sector must be quite open when 
it is used. 

The Line of numbers is nothing more than ihe logarithms 
of the natural numbers from J to JO taken from a scale of equal 
parts, and each extended from the beginning of the line on the 
left hand, towards the right: Thus, 

From a scale of equal parts lake *501 the log. of £, which 
set from 1 to g. 

And from the same scale set off *477 the log. of 3, from 1 
to 3 : • 


And *602 the log. of 4, from l to 4 : and so oa to 10. 

Then the line AB will be the log. scale of nu nhers from I to 
10, or from 10 to 100, or from JOO to 1000, &c. 


* 

/ 


i 



And because the logarithms of 10 and 2 added together make 
the log. of 20, if the distance between 1 and 2 be set from B to 
C, then AC is the log. scale of 20 when AB is that of 10, or 
of 200 when AB is 100, &c. 


C 


1 


But in taking the logarithms from a scale of equal parts, it is 
not necessary to consider them as decimals ; for instead of *301, 
•177, *602, &c. we may use any convenient numbers in the 
same proportion, as 3*01, 4-/7, c d*02, &c. or, 30 f l, 47*7, 
CO-2, &e. And when the scale is of sufficient length, these 
primary divisions may be divided and subdivided by laying 
off the logarithms of 1*1, 1*2, 1*3, &c. &c, as we find them on 
the? feet ruler called the Gunter’s Scale. 
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In adapting the Sines and Tangents to the Scale of Numbers, 
the line AB is considered as the logarithm of the radius; for which 
reason the sine of 90° and the tangent of 45" are coincident with 
10 (or B) on the scale. And when the sines and tangents cor* 
respond to a radius of 10, their logarithms are laid down firom 
the left towards the right hy means of the same scale of equal 
parts used for the logarithms of the natural numbers : Thus, the 
radius being 10, the sine of 30° is 5 (306), and therefore 30 s 
on the line of sines answers to 5 on the line of numbers. 

But because the radius is a mean proportional between the 
tangent and cotangent of an arc (304), it follows that the log. 
tang, and cotang, together always make double the log. of the 
radiu6 or tang, of 43°, whence it is that the degrees above 45 
on the line of tangents are numbered in a contrary order : thus 
SO’ is also marked 70 s ; for the log. tang, of 70° is equal to the 
log. tang, of 45 c together with the difference of the log. tangents 
of 20° and 45°. This inverted order of the tangents above 45* 
may be said to reduce the scale to half its length with the same 
extent of divisions. 

Having premised what may be thought necessary respecting 
the Trigonometrical Canon, and the Logarithmic Scaie; we 
shall now proceed to resolve the several Cases of Plane 
Triangles. 


CASE I. 


821 . When one sideand the angles are given. 


Examp. 1 . Given AD = 360. 



A = 43° 15' 
D = 78 51 
B = J 63 54 


Required the sides AB and DB ? 
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Geometrically . 

From any convenient scale of equal part,?; 
make AD =360 \ then at the extremities A 
and D lay down the angle A = 43° 15', and 
the angle D = 72° 51' (144); produce AB 
and DB till they meet, and ABD is the tri- 
angle. 

AB, and DB measured on the scale upon which AD was 
taken, will be found 380, and 275 nearly. 



Arithmetically, or by computation . 


By the Theorem Art . 219, As the sine of any angle. 

Is to its opposite side, 

So is the sine of any other angle. 
To its opposite side. 


The natural sines of 
to the radius 1 


i 43° 15' ) f 0’6S52) 

-? 72 51 > are < 0-9355 £ 

L 63 54 3 l 0-9980$ 


near!), (218). 


Therefore *8980 (.«//. a ng. B) : 360 (AD) :: -9553 (sin, ang D) : J83*I 
nearly, = AB. 

And -8980 : 360 : : *6S52 : (sin. ang. A) : 27 1*7 nearly, BD. 

But the usual method by the logarithmic 9ines is much 
shorter: thus. 


As thcttVur of the angle B, 63° 54 log. 5Vi)53 o 0n 

U* 04 07 1 0 1 n ith comp . ( 1 8 6, Arith ■) 
To the opposite side AD = 360 log. 2 55(>3o3 
So is the iirie of the ang. D, 72° 5 1' log 9 980247 
To its opposite side AB, 383’ 1 log. 2*5 X >2f>U 


And * 

As sine C3° 54' X... log. a 953!?-10 

OU40710 

To AD log. 2-55<a03 

So is the sine ol the angle A, 43° 15' log# 9 835807 
To the opposite side BD, 274 ‘7 log. 2-43S82U • 
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222. When the two first terms of the proportion are re- 
peated, as in the present example, the operation may be some- 
what abridged by taking the sum of the arithmetical comple- 
ment and the log. of the sd. term, instead of setting them 
down separately a second time j 

Thus, 2*603013 is the sum of j 3.555303 

9*81 j8Q7 log. sine 4 T 1 o' 

2 43»s20 lo£f. of 271*7 as before. 


hi$trumenlaUy % by the Logarithmic or Gunter*# Scale , * 

Set one foot of a pair of Compasses at 63° 54' on the line of Sines and 
extend the other to 72° 5 \\ then that extent will reach the same way from 
JtfO to .33 J on the line of Numbers. 

And the extent fioin 03° 54' to 43° 15' will reach from 3C0 to 275 

The reason of this operation is evident from the nature of 
logarithms : for when 4 numbers are directly proportional, the 
second divided by the first, is equal to the fourth divided by 
the third, and vice verst (2*2, drith.) ; therefore the difference 
of me logarithms of the first and second terms is equal to the 
difft re nee between the logarithms of the third and fourth 
(183, ulrifh.) : Thu* the difference of # the log. sines of 63 y 54' 
and 43 ' 3 j is equal to the difference ol the logarithms of 360 
and 27*1*7. 

Hxamp. 2. Given AD n 33* 15. 

S A = 2<j’ O' 

D — 56 11 

B - 94 49 

Required the sides AB and DB P 

Here the fn&l t< nn of the proportions is the sine of 94° 49' or 85° 1 V (200) ; 
and the sides will be. All = 27*04, and BD= 16*13. 

P P 
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Examp . 3. Given AD =: 1863. 

a | ( A = 49° 17 # 

Ancles 2 _ 

& <D = 90 0 

Required the other two sides ? 



Construction . Take the base AD z: 1863 from a scale of 
t^ual parts; and make the angle A =49° 17' ; then if DB be 
erfected perpendicular to AD, the triangle is constructed. 

Computation . Since the triangle is right-angled at D, the angle B is 
the complement of the angle A: 


Therefore, 

As cosine of angle A log. 9-S H 16 0 

<>• 1 8 j 3 1() aritli. comp . 

To AD, 18C3 log. 3*270213 

So sine of angle A, '19° 17' log, 9-879fi77 
To DB 2164-7 log. £^333391) 


And, 

As cosine of the angle A 0-1 875-10 atiih. comp . 

To Al) log. 3 270.13 

So is une <it angle D, 90° log KHWVHV) 

To AB 2856 ....log* 3 laaTai 


By the logarithmic Scale • 


The extent from 40° 4 ?/ to 49’ 17' on the line of sines, will reach on the 
line of numbera from 1863 to 2 i <73 nearh, for DB. 

* 

And from 40° 43' to 90° will reach irom 13G3 to 2853, the In pothrnuse 

AB. 


223. But the angle at D being a right one, the operation for 
finding the perpendiculat DB is rather more simple by means 
of the tangent of its opposite angle A ; 

Thus, * 

AT the log. 10-000000 

Tothe.awg of the angle A, 49° 17' log. 10’0i>j 178 

So i Al), IS J3 log. a-g-p-m . 

To DB, 21C4 " log. 3-3.1 »J!M 



TRIGONOMETRY. 

And the secant of *19° 17' taken for the second term of the proportion, in* 
stead ot the tangent, will bring out the side AT. 


By the Log . Scale. 

The extent from 45° to 4<T 17 ' (10° 4,V) on the line of tangents (220) 
will reach (the contrary wax) trom 18G3 to 216i neaily, on the line 
of numbers. 


CASE II. 


224 . When two sides and an angle opposite to one of them 
rfie given. 

r AB - 24(1-5 
Examp. 1. Given BD — 370 5 

(Ang. A = 101° 21' 

* 

Required AD, and the other two angles? 

Construction . At A the extremity of an in- 
definite right line AC, make the angle CAB 
rr 101° 21', and set off AB — 21(5*5 from any 
convenient scale of equal parts ; about 15 with 
BD — 370*5 taken* from the s ime scale, de- 
scribe an arc intersecting AC in D ; draw BD ; and ABD is 
the tnansr’e. 


\\ 


Ire 


The measure of the angle ADB is 4T, and that of B, 38°, 
nearly : andAD is 230 on the scale of equal parts. 

Computation. The proportion in this case for finding an angle will be 

As the M(ic opposite I he given angle. 

Is lo (Ik 1 stne o' that angle. 

So is the other given side, • 

To the sine of its opposite angle : Being the reverse of that in the 
former Case for finding a side. 


fp9 
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As BD, 3700 log. 2 5*87*8 

7 4)r. ; l2 arith. camp. 

To sine of angle A, 101° 2 1 # log. D 9b 14 22 

So is AB, 246*5 log. 20. 01817 

To the si tie of the angle D, 40° 13' .... log. 9*8!44.»1 

Now the two angles A and D together make 142° 4', therefore the third 
angle B is 37° 56* (41). 

Then by Case ] : 

As the sine of the angle ADD, 40° 4 3' log. 9*81445 1 


0"I.V» 14 J 

To the opposite side A13 Irg 2*391817 

So sine of at g'r B, 37° jo' log 

To AD, 232 3 log. T-366060 


By the Li'g Scale . The extent fiom 370{ to 245 J on the line of num- 
bers, will rtarli from 78° 39' (the supplement of 101° 2 1') to 4 1° on the line 
of sincNj for the angle ADB. 


C AB = 49*G 

Examp . 2. Given < BD = 8t 

l Aug. A = 90° 

Required AD, and the other two angles? 

This is constructed in the same manner as the 
preceding example. 

Computation . , 



As BD, SI log. 1*9 0818 7 

h*l»9l.»15 

To sine of the opposite ingle* A, log lUMioonoo 

So is \B, tM-fj log. l**.‘OJ82 

’lo sine of the angle AD:., 37 J 46’ log. , i'7So*\ <, 7 


And 52° J4' the '*omp1em<.nt of 37^ 4G' is the angle B. 

As the sine of the angle A, 90° log. I(W)00000 

To BD log. i*yo8 185 

So is the sine of B, 52" 14' 4 log. 9 m 7908 

To AD, 64*03 log. 

SS5. But AD rnay be found independent of the. angles, thus 
(83, corol.) : 



trigonometry. 


Square of BD = 6561 

of AB = 9460.1 6 

diif. 4 1 U0‘84 t and its square root is 64 *03 nearly, the side AD. 


'AB = 45!B 

BD = 2721 

[ Ang. A= 29 ° 20 f 


Examp . 3. Given 

Required the other angles, and side? 


Construction, Having made the angle A 
20 ', and AB =r 4516, about B 




with 2721 describe an arc DJ to intersect 
AC ; draw BD, B d to the points of intcr- 



l > 


d C 


section; then either of the triangles ADB, AdB is that re- 
quired. 


For it is manifest that when the arc cuts the base line AG in 
two points, either AD, or A d will be the unknown sideband 
this ambiguity must always take place when the side (BD) 
opposite the given angle (A) is lets than the other given side 
(AB,, except the arc, instead of intersecting AC, should 
touch it; in which case the angle opposite AB becomes a 
right one ( 67 , a.rol. 1 J. The single answers are therefore 
limited to examples where an angle opposite a given side is a 
right 011 c, and such as have the side opposite the given angle 
greater than the other given side. 

Computation . 

BD or Vid, 2721 log. 3-43<i 7?9 

1 Vj», .9 <4 hi 

Is to tlr 1 m? tc oi l lie opposite angle A, 29°2 0' log. 9*690098 

bo is AS, I.) I o \ log. J- -654754 

To tl»: j4°21 # ur its saippk meat log 9-9i0123 


Therefore the angle ADB = 125° 36' And ArfB (BDd)z= 54°24 J 
AliD= 25 4 A Bd =96 16 

Consequent 1\, j * 

As the sine of the angle A log. 5^690098 

t) 3(‘9 :h)2 

Is to BD log 3-434729 

So is the situs of the angle ABD, 25° 4' log. 9*627030 
To AD, 2353 2 Jog. 3 37 ijm 
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And, 

As the sine of the antfe A 0-309902 arilh • comp . 

Is to Erf lop. 3*43 17 29 

So is the sine of the angle ABrf, 9o° 16' log. '397 
ToArf, 332i*l log. 3*7 I'.'u ig 

This is called the ambiguous Case in Trigonometry. 


CASE III. 

226. When two sides and their included angle are given. 

The two remaining angles will be found from the following 
Theorem : 

As the sum of the given sides, 

Is to their difference, 

So in the tangent of hi f the sum of the two unknown angles. 
To the tangent ut half their difference. 

Demon sir ition. Let DCB be the 
proposed Li iambic ; CO, C3 the given 
sides including the given angle DCB. 

Produce DC ; and about C with the 
radius* CB describe a semi circle: join 
BG, BR, and draw RO parallel to 
BD. 

Now the sum of the angles CRB + CBR is equal to the 
sum of the unknown angles CDB -f CBD, each sum being 
the supplement of the angle DCB to two right angles; There- 
fore as the triangle RC B is isosceles, each of the equal angles 
CRB, CBR, is equal to half the sum of the unknown angles 
CDB, CBD. 

And because RO, BD arefjajallel, the angles RBD, BRO, 
will be equal, and the angle CRO equal to the angle CDB : 
But the angle RBD added to CBR (half the sum of the 
unknown angles) is the greater angle CBD ; and the angle BRO 
taken from CRB (the like half sum) is the less angle CRO 
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(CDB); therefore BRO or RBD is half the difference of the 
unknown angles CBD, CDB *. 

Let RA be parallel to BG. Then the angle RBG being a 
right one (72 ) # BG and RA will be perpendicular to BR. 
Now if an arc was described about R with the radius RB, and 
another arc about B with the same radius, BG would be 
the tangent of the angle GRB or half the sum of the un- 
known angles; and RA the tangent of the angle ABR or half 
their difference. 

But CG, CB, CR are equal, therefore DG is the sum, and 
DR the difference of the given sides CD and CB. 

And because GB and RA are parallel, the triangles DR A, 
DGB will be similar; whence we have, 

DG : DR :: GB : RA; 

That is, as the sum of the sides, is to their difference, so is the 
tangent of half the sum of the unknown or opposite angles, to 
the tangent of half the difference of those angles. 

Examp . 1. Let CD =r 4100 
CB z= 2205 
Angle DCB = 87° 52'. 

Required the other two angles, and the side DB ? 

Construction . Mike the angle DCB = 87° 52'; and from 
a scale of equal parts set off CD = 4100, and CB.z: 22 65; 
join DB ; and the triangle is constructed. 


M 


* Half the difference of any two numbers or lines added to, and sub- 
tracted from half their sum, give the greater, and less, 
respectively. . I jet BD, BR; be each equal to half 3 DB 
the difference ot two lines, and BS, BM, each equal I 1 r 
to half their sum ; then RS is the greater, and RAJ 
the less. For SM is the sum, and RD the difference of those lines. 


R. 

-U 


H 
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DB measured on the same scale of equal parts is 461 o nearly* 

And the measures of the angles D and B arc 29 0 and 63* 
nearly. 


Calculation . 


CD = 4 100 , JS0 * , 

CB — 926 5 Included angle DCB = 87 52 

sum Sum of the unknown angles = 92 s 

diff. 1S35 Angle CBR or CRB = 46“ half. 


As 6365 Jog. 3 80372/8 

6M9ol>2 

J°. 18 ? 5 log. 3-263636 

So is the tangent of 46° 4' (BRG) log. 10 01 6174 

To the tangent of 16M Q the angle KBA .... log. 9-476012 

Greater ang.CBD=6jH4 suin' 

Less CDB=5R4 diff. 


The side DB is found by Case I. thus. 

As the 'in olX'BD, 62 3 44 ', 
is to CD, 4100, 

So is the sine of the angle DCB, 87° 33', 
To the opposite side 1)B, 4609*3. 


I>y the Logarithmic SiaL. 

Having taken the extent fi 0111 CCGh, the sum ot: he sides to 18 D the 
difference, on (he line of numbers, set one foot of the rompasMS at J 3° on 
the line of tangents, and let* the other rest on that hue while tin- foot 
which was on is moved back to 43° jo' (or 46° 4'); take oil t.ie com- 
passes and set one foot on 4S” 3 again; then the other will extend to 
16' 30 nearly, tlie 4th. term of the proportion. 

To explain this operation, it may be necessary to observe, that if the 
tangents above 4 6° were laid down on the scale in their natural order 
to the right of 4 ,0 » the extent *Yoni 6365 to 1S3.j would reach 
from 46° 4' to 16° 30' on the lett; therefore the distance of J6 3 30' 
from 45° must be less tli«n that extent by the distance from 45' to 43° 56* 
(220) ; now the difference was iotuufbj moving one fool of the compasses 
from 4 j° while the other rested, and consequently that dillerenccor extent 
when laid from 45° will give the Uh. term of the proportion, as iu the last 
step of the piocess. ■ # 
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CCD = 94 
Examp* 2. Given <CB - 2 G 

t included angle 22 ° 20 ' 

Required the other angles, and the third side f 

Answer . Angle D = 8 ° 2 * 

B =: 149 38 
DB =r 70 7 . 



By the Logarithmic Scale . 

180° ' 

Included angle 22 20 
2 ) <5? 40 

22 21! ^alf sum un k nown an g*' 

The extent from 120 to GS on tiie line of numbers will reach from 
78° 50' (or 11° I O') to 70° 3 O' (or 19° 30) nearly, on the line of tangent*. 
Here* the extent from the first term of trie proportion to the second is from 
right to left on the line of numbers, but the contrary way from the third 
to the fornlh on the line of tangents, because (as it bas been observed) the 
tangent* above 4*> lJ me counted to the left. 


CD = 94 
CB as 26 

Slim i n\ 
did* ua 


flaifsam of the unknown angles 78° 5i 
S * .ii cl i;ereu r :e 70 * 

Angle B l tP o sum 
Angle 1) S > niff. 


Now < \ti nt ’ A \)° 20' (the angle B) to (angle C) on 

*hc line of 1 iik •*, will i. *eli Inc iamt way c*j the hue of numbers from 
*1 to .0, DC. 

C BD m 22 64 

Fxantjt. 3. Given -? BC 36*4 

( Angle B ~ 90° 

Required the angles at D and C, and the side DC 

« 

Construction. Erect BC pci^endicular to BD; 
then from a scale of equal parts (which should 
have a diagonal scale decimally divided) set oif BD 
= 22*64, and BC ~ 36-43 j°» n DC 3 and DEC is 
the triangle. 

VOL, i. 



Q Q 



*98 


TRIGONOMETRY 


DC on the same scale measures 43. 

And the angles D and C with the chords, will he found 
58° and 32°. 

Computation. 

BC = 

BD =_^> 

sum 5''->p 
dill. '.1 7 f » 

As 59 04 lug. i • :7 1 1 ' < 

3 2.~S^ 

Is tn 13 76 W. I’ 13861 $ 

So is the tang. of45°, half the ■nun cl ambles D and C log. 1 0 -000000 

To the tang, of 1.) V, half thni diu.ieiicc log. 

sum 58 7 angle D. 
dilf 3 l 53 angle C. 

And DC found by Cass I. is 4J SC &,r. 

Jtj the Ligcml/urtc 

The extent from 59*01* to 13*“. (7 on the line of mii.'bfT » w.i] n\u ’• 
from 43° to 13° 10' oil the t:>ig«'iits fiv h~lf the ciilleit nu 1 o, Ihe.'isi* lo- 
J) and C» 

Half sum 45°' 

Half dij/ 1 ” ’ \) , 

Aug. D 1 10 

c £jo 

Then 0*,e extent iiten 3> ° 7f/ t.i 90° on the !i of will icacij f.om 

£2*61 to 4 7 Ready, for DC on the line of inuno* i*. 

227* But when the included angle is a right one, 1 as in the 
present example, if either of the given sides he made radius f 
the other wi 1 ! be the tangent of its opposite angle (J93J. There- 
fore to find an unknown angle* suppose D, 

As BD, 22*64 log, 1*334876 

8-61512* 

19 to BC. 36 4 Ihg. 1 -561 lot 

So is the radius lo». in-oooooo 

« — 

To the tang, of 58° 1% the angle D, as before ; log. i 
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V.y the logarithmic Seale. 

m 

The extent from 22*64- to 36- 1- on the line nf numbers, will reach, on th* 
lme of uiigenls, from 4i° to 58° Itf (Jt° iG') the angle D. For the 2d. 
term being gutter than the first, the \th. mu^t be greater than 45°. 

15 tit the unknown side DC may be found without the angles, 
thus (S3, corol . j : 

Square of RI) = 

<,i IJC = 

Si.m ; and the square root of this sum ij 

42 86 & r. tl o hypotenuse l)C f l.idbu;. 


CASE IV. 


Wiiln the three .sides are given. 

We shall Lay down two methods of finding the Angles. 


I. Sir pose ACD the proposed 
tiiangle; and let the perpendicular 
'T (l i vide it into two ri^hl-anglcd 
'rioiK-ks APC, DPC : 

Then, 



As the side AD, 

Is to the sum of the other two sides AC, DC, 

So is 1 lie difference of those sides AC, DC, 

To the (hlierunce of PA and PD, the segments of the base AD. 

Demons ration. Produce AC ' ; and about C with the side 
CD dtbenlie a Kemi-circlc, and thaw ( O. Then the radii CR, 
CD, CB being tijral, AB is the sum of the sides CAand CD, 
and A K is their ditRrence. 

And becaiRt PO and PD are equal '65^, AO vill be the dif- 
ference of the segments PA and 1 D : therefore (98J, 

Q Q ® 
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AD : AB : : AR : AO which being taken from AD, and 
the remainder OD divided by 2, gives PD (or PO) one of the 
segments ; and the sum of PO and AO is the other. Then 
the angles of the triangles APC, DPC are found by Case II. 

Examp. l. Let AD = 46s i 

CA =- 384 > required the angles ? 

CD = 169 ^ 

The Construction from a Scale of equal part3 is according to 
Art. \ 30. 

Calculation. 

CA = 364 
CD= ifi* 

Sum i = AH 
Ddt. •*! * =: AR. 

A» 462 : 553 :: 215 : 257*35 = AO, nearly. 

462 = AD. 

Diff. 20 1 *6') = OD. 

Half 102 33 = PD or PO. 

2.7 Yd = AO. 

2v^ = AP. 

Nowin the triangles APC, DPC, 

are given AC = 334 and DC 169 

AP = 359*63 Dr = 102-33 

« 

And the angles found by Case II. will 

be PCA =s 69° 30' and FCD = 37° 16* 

PAC = 30 30 PDC -- v? 44 

Therefore t'u- angles art-, C = K6°46' 

D = 52 44 

A = 20 30 


By the Logarithmic Scale. 

The extent from 4 62 to 553 on the line of numbers, will rejeh, the same 
way, from 215 to 237 nearly, on the same line. 

& 

The perpendicular however, may be drawn from either an* 
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gle; hut when it falls without the triangle, it must meet the 
opposite side produced ; in which case the calculation is no 
ways different from the preceding: Thus, suppose ACO to 
be the triangle; and let the perpendicular CP meet AO pro- 
duced ; 

Then AO : AB (CA + CO) : : AR : AD; and half the 
difference of AD and AO is the segment PO as before: now 
the angles PCO, PCA being found (by Case II.), their dif* 
Jcrencc % instead of the suw 9 will be the angle (ACO) opposite 
the base. 

209. Method 2 . This is principally derived from the pre- 
ceding Demonstration. Thus, suppose CGA is the proposed 
triangle ; and let it be required to 
find the angle CG \ opposite the 
base CA. 

Make GO — GA ; and OC will 
be the difference of the sides GC and 
GA : then 

As the rectangle of the sides GC and GA, 

Is to the rectangle of half the sum and half the difference 
of C A and CO, 

So is the square of the radius , 

To the square of the sine of half the angle CGA. 

Demonstration . Let AO produced meet CD drawn parallel 
to GA, and make GS and CP perpendicular to AD : 

Then the triangles OCD, OGA will be isosceles and similar; 
and the a; glcs OCD, OGA, and abo the opposite sides are 
bisected by the perpendiculars CP, GS. 

i 

Now if AD is the base of the triangle ACD, and AC, DC, 
the other two sides, AO will be the difference of the segments 
PA, PD, exactly as in the preceding demonstration : 



* ---“A 



TRIGONOMETRY 


302 

Therefore, 

As th ' side AD, 

Is to CA -+ CD, the sum of the other two sides. 

So is CA -CD, the difference of those sides, 

To OA. — Or because CO JlSD, it will be 

As AD : CA + CO :: CA — CO : OA: 

And their halves will also be proportional, 

or. As AD, 

To half the sum of CA + CO, 

So is V the diff. of CA— CO, 

To J. OA. 

Therefore the rectangle J-AD X -J AO is equal to the rect- 
angle under the {- sum and - z diff. of CA and CO (S 9 ). 

But OP — J OD, and OS = \ OA, therefore OP + OS or 
PS AD; and con sequent ly the leciangle PS X OS 
( 7 AD x \ AO^ is equal to the rectangle ot the aforesaid 
sum and { difference. 

Now the tiiangles OPC, OGS being similar, wc have 
OC : OG :: OP : 0 >; and by c >rnpusi;ion ( 9 -l> schol.) 
OC + OG t GC: : OG :: OP + OS (PS) : OS, 

or GC : OG : : PS i OS : 

And GC X OG : OG x OG :: PS x OS : OS x OS, by 
taking equimultiples of the two first terms of the proportion, 
and also of the two last (Arith. 95': 

or GC x OG : OG* :: PS x OS : OS 2 : 

whence GC x OG : PS / OS:: OG 2 : OS’. 

But PS X OS i 9 “ the rectangle under the ~ sum and 
difference of CA and CO, heuc# the last propoition becomes 
As GC x OG, or GC x GA, 

Is to the rectangle of * the sum and £ the diff. of 
CA and CO, 

So is OG 2 , to OS 2 : 
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Therefore, if OG or G A be made the radius, OS will be 
the sine of the ang'e OGS, or of half the angle CGA. 

Example 2 Let the sides of the Triangle CGA be as in 
the preceding example, namely, CA r= 462, GC = 384, 
GA = 169. 

Then, 

GC = 334 

GA = \69 

SI 5 i\i ft. 7*1 \5GC9 ariih. comp, log 384 = GC. 

CA = 4G2 7 771? 1 13 anl/i. comp. log. 169 = GA. 

wm f>77 haif =: 33S*5 log. (186, Ariih . ) 

olair. 217 half = 1513-5 log. 2-091667 
radius square, log. 20 onnnoo 
2 ) 19 80? ut) S 

\-igl.s OGS j 3° 23 # log. sine 9-90 13C4 

Anjlf CGA. 'io 4 6 as before. 

The other two angle*; are found by Ca.se If. 

The method of working the last proportion by the Logarith- 
mic Scale is omitted, it being rather complex, and therefore 
mty produce considerable uncertainly in the results, particu- 
larly on the six-inch Sectors. We may also remark in general 
respecting these opeintions, that when ihe sides of the triangles 
exceed 1000, th : c.d filiations Humid Iil made with the pen, 
because them is too much gi/v*s-u'oik on the Scales when the 
integers are more than three. 

application of Trigonometry to measuring Heights and 
Distances . 

230. The Instrument proper for measuring horizontal and 
vertical angles in common 1 rigouometrical operations is a The- 
odolite furnished with one or two Telescopes, and a Vertical 
arc : And if the horizontal circle is not less than about 6J- 
inches in diameter, the observed angles may be read off to half a 
minute. The student, however, would benefit little from a 
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description of the Instrument, because the method of ex- 
amining and correcting the Spirit-levels, &c. and adjusting 
the whole for observation, must be acquired under the eye of a 
Master. 

But after all the care that may have been bestowed in cor- 
recting the line of collimation, telescope-level, &c. it seldom 
happens that the elevations or depressions shown by the Instru- 
ment are correct. It is therefore always adviseablc to deter- 
mine the error, or how much the elevations or depressions are 
too great, or too little. This may be done in the following 
manner : 

Let C be the centre of the earth, SR an 
arc on its surface, A the place of the tele- 
scope when the Theodolite stands in the ver- 
tical line CA, B the place of the telescope 
when it stands in the vertical CB, AG (per- 
pendicular to AC) the horizontal line at A 
drawn to meet CG, and BO (at right angle? 
to BC) the horizontal line at B. 

Then, if the telescope at B be directed to a mark or object at 
A, the elevation of that object above the horizontal line BO is 
the angle OBA ; and when the telescope is at A, and directed 
to an object at B, its depression below the horizon AG will be 
the angle GAB. 

LetSDzrRB, andKP~SA. Then because the triangles 
APC, DBC arc isosceles, and the angles CAG, CBO right 
ones, the angle CAP 4- angle PAG = a right angle; but 
the angle CAP -f- half the angle ACP also make a right 
angle, therefore the angle PAG or its equal DBO, is equal to 
half the angle C. 

Now the depression or angle GAB=:GAP+PAB (or ABD); 
or GAB=PAG + DBO + OBA; but PAG + DBt) wangle C: 
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Therefore the depression GAB =■ ang. C -f- elev . OBA ; 
br depr. GAB -+-elev. OBA — ang. C twice the elev . OBA; 
Therefore the elevation and depression together, les>fened by 
the angle C, is equal to twice the clevat'oii : consequently half 
the difference between the sum o f the elevation and depression , 
and the angle C, is the elevation . 

Now # whatever be the error in elevation or depression, their 
sum will be constant; for one is always diminished by the same 
quantity that the other is augmented ; hence the preceding rule 
gives the true elevation , except the angle C be greater than the 
elevation and depression together, in which case, the said half 
difference is the true depression of the highest of the two points 
or objects A, B. 

And when the observations are both elevations, or both 
depressions, their difference is constant, and half the difference 
Letweeto the angle C and that constant difference will be the 
true elevation of the highest of the two points \ , B, if the 
angle C be the l*‘ss 9 but equal to the true depression of that 
highest point or object , when it is the greater . 

Should both the reciprocal observations be depressions ,'or 
both elevations), and equal loeich other, the vertical heights 
SA, and RB are equal; and the true depressions wiii be half 
the angle C. 

Examp. The following observations were mao * with a Theodolite fur 
dctei mining the errot in the veitical angles taken with that instrument. 

Two marks, A and B, were set up exactly at the same height «*bovc the 
ground as the height ol the telescope; and at - , the depress .11 »*i B. or 
the aii^le GAB was 24' ; and at B, the elevation of A t or ti e aiulr 03A 
— l 1 / The dijUuce of the stations or arc SH \\se>2r»on yards, v hi* „ uow- 
Aii or miles to a degree, goes 1* 128 of a degree neaih, the angle C. 

Then, 1tfsLz~.ll = 17'*36 or about 1T'£ the true dotation or 

angle OBA ; consequently \Tl — J2 # = is the error, or what the alti- 
tudes shown by the jnrtrumrnt were too l.tlle, or the depre sions too great. 
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A distance of 600 or 700 yards however, is Sufficient for 
trying a common Theodolite. I 11 which ca*e the angle C may 
be neglected, and the verticals SA and RB considered as paral- 
lels : the expressions then become more simple. Thus if one 
observation be an elevation = 17', and the other a depression 
:= 13', then half their sum — 15' is the true elevation or 
depression; and # l7'~ 13' =. s' is what the instrument gives, 
elevations too great. — If both arc elevations, or both depressions 
half the difference is the true elevation of one statien, and the 
true depression of the oilier. 

Here the observations themselves arc supposed to be correctly 
made; for the result will evidently partake of any error that 
may arise in consequence of a mistake. 

231. Short Bases for temporary u.-e only, arc sometimes 
measured with Rods, or the Gunter's Cham of (>CI feet. But 
the common 50, or 100 feet Tapes arc much better ad<$ted for 
expedition ; with these lines, when the ground is tolerable 
level* and the direction or al'ghement of the base pretty cor- 
rect, the error in distance will probably be about 3 inches in 
30 feet, or of the whole measurement -as long as the 
Tapes arc kept dry: after frequent use however, they should 
be tried on a level pavcm< .it, or long floor, for which pur- 
pose a distance of 50 feet ftaay be laid down by means of one or 
more Rod* properly adjusted in respect of length. 


232. When a Base is measured on sloping g/omul, it must 
be reduced to the corresponding horizontal hue, if horizontal 
angles at its extremities ai^ t<4:en with a Theodolite. Suppose 


AB is a base of 300 yards \ OB a Theo- 
dolite ; and let the height of the staif A R 
be equal to OB the height of the instru- 
ment; also suppose HOR, the angle 



of depress. on of the top R below the horizontal line HO is 


5°; then if OC is perpendicular to HO, the line AC, pa- 


rallel * HO, will be the horizontal base corresponding to the 


measured base AB. 
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Now the anglc3 HOR, BAC being equal, we have (by 
Case I.) 

As radius log. 10*000000 

ToAB, 300 log. 2*477121 

So is cosine of 5° (the angle BAC) log. 9*998344 

To AC, £?9S*9 log. 2*475465 

The difference of AB and AC is only 1*1 yds . Therefore a 
reduction of this kind seems unnecessary when the measured 
base is inclined to the horizon in a small angle, except the ope- 
ration is intended to produce a very accurate result^ 


233. 


Examples. 


1. To find the distances AO, ItO from the stations A and B 
tn the inaccessible object O, 1 measured AB which was 730 feet ■ 
the ground being nearly level ; and having set up marks at A 
and B, the angles at those stations, taken with the Theodolite 

C A = 57° 12', 
v. ore - 

“ 21 45. Whence the distances AO, BO are 
required ? 

The aij'Jr at O, or supplement of the armies 
A ami li i ')S°3\ And the Con.\h action and 
( 'alcu'uhou uiil Ln' e\at tlv tl.»‘ sa.ue in the two 
1: r*l rxampli o. Cast I. (2? I ). 

\H will be found = ir-S *G ft ct, 

r;o = c\9 7 

2. Wanting to know 4hc breadth (DO) of a river, I mea. 
sured a base AB of 100 yards along the bank, and at the ex- 
tremities A and B took angljp to an object O on the opposite 
tide, 

jangle OB A = 37° 40', 

daftgleOAB — 59 15. Hence the breadth OD is 

required ? 
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Ctms/rwr/iVw. Make DA = 400 from any 
convenient s< ale ol equal parts ; and at the 
extremities B and A, 1 j) down the respective 
angles 3 7° 4 O' and 59° 15 ; then the perpendicu- 
lar OD up«»n t e Ivse DA (lj2), will be the 
breadth required. And its measure is U 12 nearly. 

Calculation • By Case I. 

As the sine of the angle BO V, 83° 5' (the 
supplement of the angles Band A) . 

Is to BA, 4oO 

bo is sine of angle B, 1 ()' 

To AO ; 

Then, 

As of the angle ODA. 90* log. in*oonooo 

Is la VO lotf. 2' i l M32l 

bo^s the \ute ol ihe angle A, 59° \J . ..... leg V 9.3 1 19‘> 

To OD, 21 rS yard'* log. 2 325 '20 

£</ the L< gttrUhmic Stale. T!u* extent Ironi H3° J to 37° 40 f on the 
bines, will reach from J-00 to V4 > (AO) on the line ol numbers. 

Then, the extent f* «>m 90° to 3°° I V on the sines, will reach from 24“ to 
SIP, fur OD, on Llieliueot numbers. 

3. To find the height, and the distance of the object O on 
the t.)p of u hill front the {station B, we measured a base BN of 
642 ynrds up tlie sloping ground RC, d redly from the object 
O, the points O, B f N, being m the «ame vertical plane, then 
having >et up a BS \\Ihk length was equal to the height 
of the Theodolite, we found the angles of ehtation and de- 
pression to Le as follows : 

. . . * T \ object O elev. 3° 50' — ang. OAH, 

( top of stall S depr. 39 = ang. HAS, 

At the other station B, the elev. of 0 =z= 5° 52' = ang. PSO. 

Hence the horizontal distance BR, the height RO, and also 
GN the height of the station N above B, are required ? 



B BA 


log, 9^996878 

log 2 '(>0^060 
lo‘^. 51*78*089 
log. 2191371 



heights anq distances. 


309 


Method of Construction. Draw EG i indefinitely to represent an horizontal 
line, and from nny point B draw the slope BC making the angle CBG 
= 3^ the angle HAS) : 
then from. a scale of 
equal parts set off BN 
= 612, and make BS 
perpendicular to BG 
and equal to the height 
of tl.e Theodolite N A; 
let SA he parallel to 
IX' and equal to BN, and AG parallel to SB; also draw the horizontal 
lines, AH, SP: then if the angles OSP, OAH are made equal to 5° 52' f 
and 3° 59', the angles of elevation respectively and OR is perpendicular 
to GK, the figure will be constructed. 



Calculution m 
Angle OAEI = 3° 59 # 

HAS = 39 .... its supplement 17.9° 21* angle ASP 

Angle OAS = 4 38 subtract 3 53 angle OSP 

~~~ ~ 173 29 angle OSA 

Therefore the angles of the triangle OAS are OSA = 173° 2D' 

OAS = 4 38 
AOS = 1 53 

By Case I. (221), 

As s£//e AOS, 1 o 53' log- 8 ■5 \6T26 

# f 83274 

To AS. Clo log 2-807535 

So is km* of OAS, 1 0 38 / lo . 8*^072 97 

To SO log. 3 198 1 OG 

Then, as sine SPO, 90* log. 10*00(000 

To SO . ... log. 3 * 1 i'S 1 OG 

So is \inc OnP 5° 52 y log. 

To the height OP, 16T3 log. a*'io7n}l 

SO log. 3 198 1 OG (222) 

5° 52' cosine .... D 9977 ID 
Distance BP = BR = 1569*7 log. 3-19)825 


As sins ang. NGB 90° log. 10*000000 

To NB 642 log. 2*807535 

So une NBG39' log. 8*054781 

'fo NG 7*3 yards , nearly log. o*8623iG 
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And if SB (PR) the height of the Theodolite when si dueling on the 
ground, be added to OP, we shall have the height of O dbove the hurt* 
zontal line GR. 

N. B. If a correct result is required from an operation of this 
kind, the error (if any) in angles of elevation should be deter- 
mined (230) ; and care must be taken to adjust the height 
of the instrument when at B, so that the telcstope may be 
exactly at the height BS from the ground. 

4. Wanting to know the distance (AC), of a hill from the 
station A, and also the height (OC); we measured a base AB 
of 298 yards on ground nearly horizontal, and at the extremi- 
ties A and B observed the horizontal angles, BAO (or BAC) = 
42° 17*, ABO (or ABC) = 79° 29 ; ; and at A the angle of 
elevation OAC was 4° 51 \ Required the distance AC, and 
height CO ? 

Method of Construction • The thr n e ponds ^ 

A, B, C being supposed in a plane parallel to 

the horizon, and the plane of tin* instrument at / \\0 

A and B in that plane, the angles taken to the / ' S : ^ 

point O in the perpend icuUi CO will be the 
same as they would be if the telescope was di- 
rected to the point C, because the horizontal circle o' tlv' Theodolite is not 
moved by elevating or depressing the telescope. Therefore, having made 
AB = 2D3, and the angle BAC = 42° 17', ABC = 79° 29', and OAC = 
4 3 51', R ise the perpendicular CO ; then AC is the distance, and CO the 
height sought* 

Cakuhdicn. The angle AC B is 53° 14' the supplement of the horizontal 
angles at A and B. 

«>/£ of 58° J4' Jog 


0 070470 

To AB, 298 log-. 2 47421.; 

So is sine of ABC, 79° 29' log. 9*^.0261.5 

To AC, 341*6 * log. 2*:J7338 

Ang. OAC = 4° 51' .... ting. 8 9:8658 (223) 
Height CO — 29*2 log. J 165996 


And the height of the instrument being added to 29-2 yards will give the 
whole height of the top O. 
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5. To find the distance of the object 0 on the top of a hill 
from the station A, and also its height, we measured a base AB 
of a 10 yards up sloping ground, its inclination with the hori- 
zontal line AC being 9° 30' the angle BAC ; and the horizontal 
angles at A and B (found by directing the telescope to O) were 
PC A = 64° 10\ and PAC = 76° 17'; also the angle ofeleva* 
tion OBH (HB being an horizontal line) was 5' 34', From 
hence the height, and distance of the object O are required ? 

Method of Calculation . Let the horizontal 
nes BB, AP meet OP the line from O perpen- 
dicular to the horizon ; and suppose AC is the 
horizontal base ( 232 ), and BC perpendicular to 
AC. 

In the right angled triangle ACB, the hypote- 
nuse AB and all the angles are given, whence CB 
the height ol the station B above A will be found ss 34*7 yards : and AC 
the reduced base = 2.07* 1 yards* 



Then AC, and the angles 
ol the triangle ALT, 



64 ° 10 ' 

76 17 

jy 33 w.IJ give AP the hori- 


zontal distance fiom A 292*8 yards; and CP the horizontal distance 


from C = 3 16 yards = £11. 


Now in the right angled triangle OtIB the BH and all the angle? are 
given, wiience 110 30 S yards tin* Ije-ght of O »hote B, to this add BC 

and we hate OP r= 6- ? yards the bright abow a To should 

be added the height ol die ir.*'U lor the whole hei^t of O _< L, , ilie 
giound at A. 


0. At B, tb- top of a castle which stood on a hill near die 
seashore, the clepie&sion of a ship at anchor was 4» 52* (the 
angle HBS), and at R, the bottom of the castle, its depression 
was 4° q' (the angle NRS). Required the horizontal distance 
of the vessel, and also the height of the castle above the level of 
the sea, supposing RB the castle itself to be 54 feei h : gh ? 
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Method of Construction . From any scale of equal parts make BR =? 
54. and draw the horizontal 
lines RN, BH at right angles 
to BR: let the angles HdS, 

NRS be made sc 4° 52\ and 
4° 2', respectively ; then i! SA 
is drawn perpendicular to BR 
produc ed, it will be the horizontal distance, and AR the height of the hot* 
tom of the castle. 

Method of Calculation. The angle BSR is equal to 50' the difference 
of the angles of depression, therefore by Case I. (221). 

As the sine of 50' 

Is to BR, 54, 

So is the sine of the angle SBR (the cosine of 4° 5C'), 

To SR. 

And as the sine of ang. A, 90° 

To SR, 

Soisrifze of ang. RSA (NRS) 4° 2", 

To AR. 260 Jett. 

And, so is cosine of 4° 2', to 3690 feet = AS the horizontal dish 

7» In surveying with the compass, an object C bore SE b S, 
and when we had gone 240 yards in a SW direction, the ob- 
ject bore EbS. Required its distance from the stations 1* 

and A ? 

Construction. Let the circle whose centre is B 
represent the compass; E, W, S, the east, west, 
and south points ; draw EbS one point or ll^deg. 
from E ; S EhS three points or 33 j cleg, from S ; and 
SW four points or 45° from S ; and make BA = 240 
from a scale of equal parts; then it AC be drawn 
parallel to the EbS direction, C will bt the place of 
the object, 

Method of Calculation • c 

C ang. A3C = 7 points or 78° 45' 

In the IriuDg. ABC x ACB ■= 4 points or 45 

£ BAC = 5 points or 56 15 
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And the side EA = 240. whence, by Case I. AC = 333, affd BC = 2S2 
yards. 

8. If BG the height of the rampart ABRC be 1 6 feet, and 
the exterior talus BR of the parapet ia inclined to the horizon 
in an angle of 4 3 ; what is the difference in the distance (BO) 
of a musket shot made directly in front, and another (BS) in- 
clined to that direction in an angle (OBSj of 40% both shots 
being made in the plane of the talus ? 

Calculation . 

As sine of ang. GOB, 4° log. 8*843595 

()*'sr. H3 

ToGBlfi log. 1-904130 

So sine of ang.G 90°.... log. 10-000000 
To BO, 229* 4 Jog. 2\3fj0535 

Now OS is the intersection of the plane of the horizon and that of the 
talus, therefore the direct shot, oi the line BO is at right angles to OS, and 
consequent!) (he angle -BSO is the complement of OBS; 

Whence, as cosine of 40° . 

To BO 

So sine of BOS, 90° 

To BS = 299 4 

BO =r 2'™-4 
di/f. 70 feet. Arts, 

i). Warning: to know the horiz6ntal distance between 
the inaccessible objects O, W, and also their heights, we 
measured a base AB of 670 yards on ground nearly hori- 
zontal; and at the extremities A and B took the following 
angle* l 

CBAW = 40° 16'. Elevation ofW^3° 46'. 

At A, ang JwAO _ 5J 4Q of O = 3 33, 


log. 9*994254 

0* J I j74(J 

log. 2*3(^0535 
log. 10*000000 
log. 2-176281 



At B, ang. 


ABO = 42° ,22' 
OBW= 71 7. 


Hence the heights, and distance OW are required ? 


a s 
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Construction . From any convenient ^cale 
of equal parts, make AH =r 670, and Jay 
down the respective horizontal angles at A 
and B; join O, W, the points of concourse 
of the lines from A and B ; and OW mea- 
sured on the scale from which A B was taken* 
will be 1 170 yds. nearly, the distance be* 
tween the objects. 

Calculation. 

(ABO = 42° 22' 

The angles of the triangle AOB arc < OAB = 27 56 

(AOB=:39 42 

Whence, by Case I. (221), AO will be found = 706*8 yards . 

C BAW = 40° 16' 
And the angles of the triangle AWB ' ABYV =113 29 

l AWB = 26 15 

will give AW s 1389*4 yards • 

Now in the triangle OAW we have given J ZZ ^ 
and the included angle OAW = 57° 1 1 , 



To find OW (by Cass III.) 


AW =: 1 339*4 


AO = Tuij'S 

180’ 0' sum V Vh-j log. 3*521431 

6*.;78567 

sum of unknown ang. 122 ‘JO di/T. 682*6 log. 2*834166 

half 61 10 tang. 1 0* 2 W33 

half diflf. 30 36 tang. 9*77 J9M» 

ang. OWA= 30 34 


Then, as nine OWA, 30° 5V 

to AO 

so is sine ang. OAW ^ 57- ;r/ 
to OW, 1174 yard* 

The liiics AW, AO in the preceding £ gure are 
represented as drawn to the objects W and O on 
the elevated situations, because the telescope of 
the Theodolite is pointed to them when the an- 
gles are observed; but the distances by con* 
struction and calculation are the horizontal lines 



log 9*706.126 " 

n-j-3674' 
log. 2*319310. - 

log. 9*02683 1 
log. 3*0t>9SI5 
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supposed to be drawn from the stations to meet the perpendicular* OP # 
WH, let fall from O and W upon the plane of the horizon. (233, 
Exanip. 4.) 

Therefore to find the heights of O and W, wc have, in the triangles ARW, 
APO light angled at Rand P, the distances AR, AP equal to 1389-4, and 
^06 S yard?, and the angles at A, 3° 4(f, and 3° 33" the elevations, whence 
(??3) VVR will be found = 91-3, and OP = 13*9 yards. 

10. When a distant object near the horizontal plane sub* 
tends a small angle, the following method of determining its 
distance would be simple, could we measure such angles with 
accuracy and expedition. Let OB be a distant object, and sup* 
pose the angles OAB, OCB, arc * 2 ,' 

and eVf respectively, the base or dis- o 

tance AC, which is in a direct line from - icl 

A towards the object, hi mg 400 yards, .v £ " i\ 

Let Cd be parallel to AO; then the 
triangles BC<2, BAO will be similar, whence 

BO : Bd :: AB : CB, and by division, (94, coral. 3.) 

BO — Bd : B d : : AB _ CB : CB, 

But the angle RCri is equal to the angle BAO; and because 
the bines or tangents of small arcs are nearly in the same pro- 
poitio'ias the arc or angles themselves (208), BO and Bd will 
be as the opposite angles BCO, BCd, therefore the proportion 
becomes — 2 : 2' : : 400 : 3200 yards , the distance CB ; 
That ib, as the difference of the angles, is to the less angle; 
so is the difference of the distances or measured base, to the 
Jess distance. 

Corol. JIcncc the distances BC, BA, are reciprocally as the 
ryhglcs subtended at A and C. 

Remark. Several attempts have been made to bring this 
method into general practice; and some ingenuity displayed in 
contriving instruments for measuring the angles ; but it is known 
from experience that the extremities or boundaries of objects 

ss2 
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standing on the ground at any considerable distance, seldom 
appear, even through good telescopes, sufficiently defined to 
permit the angles to be taken to that precision which is evidenly 
necessary when a satisfactory result is required; for a small 
error m either angle will produce a very considerable one in 
the distance. Thus, in the foregoing example, suppose an 
error or variation of 3" in the angle OCB, or let it be 2' 12" in- 
stead of 2' 15", 

Then, as 12" (the difference of 2 # 12" and 2'\ is to 2', so is 
400 to 4000 yards the distance CB, instead ot 3200. 

Again, Let the base AC — 300 yards, and suppose the an- 
gles at A and C are 3' 20" and 4', respectively ; 

Then, as 40" (theirdiffeier.ee), i» to 3' 20", so in 300 yards } to 
1500 yards ~ CB. 

Now admit an uncertainty of 3" in each angle, and take that at 
A = 8' 23", and the other at C = 3' 57 and we have 


As 34 ,; i the difference' : 3' 23" ■: 300 yards ; J791 yards ; the 
difference is 291 yards in about a mile ; an uncertainty per- 
haps as great as that in an estimate by the eye at the same 
distance. 


11. If CS be a line of cavalry; to determine the wheeling 
intervals between half squadrons marching en tjchellon front the 
light, when hated and formed on the line A B which is in- 
clined to CS in a given angle 


Comb action. 1j* 1 
of two squadrons (Ml and 1 ^ ; 
the ext* nt oi c«kIi=s !■> 
dept!) (-E "It yards* the m?t r- 

A T 

val HIC nr 1 b* yards, and MippO'.e • 

n - ■ : 

the angle BAS r= 35°. 


Drawn N« perpendicular to CS 

. T Czzd 
,*•* 1 

(the half squadron NS being sup- /'* 

posed to march from N to O in a A 

G- 

. 1 — i 1 i 

C H £ 

direction perpendicular to CS), 
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and make ne = NE, eh = EH; 7.Q, QT each = NE; and from n , e, 
Q» T, draw lines parallel to CS, and on those line* make paral’clograms 
each equal to GN for the half squjdrons : then if the hill s juadrons wheel 
on the pi\ots n, e t Q, T, till their fronts aie in the line AB, the extent TB 
will he equal to GS, with the proper interval between the squadrons, or 
he = HE. 


Calculation • We want the perpendicular distances 01, IP, and VR, DR. 

en = EN = 24 yards = 72 feet. 

cQ= NHs 40 yards = J20 feet* 

In the right angled tiiangles eht, QRe the angles at Q and e are 35°. 

As rad. : 72 (=<?>/) :: sin. 35° : 41-3 fcet=. «I P whence Ol = 19 feet , nearly. 
rad. : 72 :: cosin. 3d° : V 1 feet — e\, whence IP = 13 feet , nearly. 
tad. : 120 (=eQ):: \in. Jj° : Cft'Kfeel—tW, whence VR=i46feet t nearly. 
rad . : 120 :: co\m. 35° : OS / cct , nearly, whenie DR = 2G Jcet. 

Bui the measurement uf those lines from construction, will be sufficiently 
conect for practical pui poses. 


234. In the preceding examples, the angles subtended by 
distant objects are supposed to be in an horizontal, or in a vertical 
plane: We shall now give the method of computation when 
they are measured in planes oblique to the horizon. 


Armies oblique to the hoiizon are usually taken with a sex- 
tant or Hadley’s quadrant, which is held in a position so that 
its plane passes through both objects and the eye of the ob- 
server. And elevations arc found by reflecting the object from 
an artificial horizon. But whoever intends to observe with a 
sextant must acquire the method of using it from practice 
under the direction of a person who is master of the several ad- 
justments, fee.; for which reason we shall not attempt a 
description ot the instrument. 


Examples. 

1 . Suppose ON is an object standing on the horizontal plane 
HNP; HA and PC two staves or rods equal in height to that 
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of the eye; and let the plane ABC be parallel to the horizontal 
plane HNP; also suppose HP or AC is a base of 5 150 yards ; 
and that the angles taken in the plane OCA, are OAC ~ 56® 
46', and OCA =z 62° 54'; the angles of elevation OAB, OCB 
being 6° 40\ and 7° G r , respectively- Hence the height, and 
horizontal distances AB, CB, are required ? 

When one of the sides f AC) in- 
cluding an angle (OAC) oblique to 
the plane of the horizon, is horizon- 
tal, the angle is reduced to the cor- 
responding horizontal angle by the 
following proportion, 

As the cosine of the angle of elevation ( OAB), 

Is to the cosine of the given ang. (OAC), 

So is the radius or sine of 90°, 

To the cosine of the reduced angle (BAC)- 

For let DBO be a vertical plane and .he angle ADO a right 
one ; then the triangles ABO, DUO being ako right angled at 
B, we shall have, ( Case I. 221) 

Sine ABO, 90' : AO :: sine AOB : AB; 

Sine ADO, 9© 0 : AO tine AOD : AJ.~ ; 

Therefore by equality, 

sine AOB : riweAOD :: AB : AD : . sine ADB, 90° :sinc ABD ; 

or, sine AOB : sine AOD : : 7?>ic 9CF : sine ABD : 

But AOB is the complement n' ihc elevation ; AOD the com- 

piemen t of the observed angle OAC ; and ABD that of the 

reduced angle BAC ; therefore, &.t , ‘ 

• \ 

As cosine 6° 41/ Jo<r o 05)7053 

TiT » 1*1)47 

To cosmc 56® 46' Idjj. 9 73S82U 

bo sit,e ‘0° ]<,u, KHuMHVm 

To cO'in? 56° 31' the rtraiccd angle BAC log. y 7 +17 07 
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As cosine 7° 6' log. 9*996657 

0-0033*3 

To cosine G'J° 54' Jog. 9*658531 

So sine 90° log. 10-000000 

To cosine 62° 40' the reduced angle ACB 9 001374 


Therefore the angles of the triangle AOC HI 

reduced to the horizontal plane are — GO 49 


And the side AC being 250 yards, we shall have (by Case I. 221) AB = 
254-4, and CB =s 238*8 yards; whence BO = 29’7 yards: to this add 
NB the height of the observer's eye above the horizontal plane IINP, and 
the sum will be the whole iieight Is O. 

But the distances AB, CT>, and height BO may be calculated wit bout any 
reduction of angles; for AC an } all the angles oJ the triangle AOL being 
given, the sides AO, CO are !un r id iv Case I. and then the right angled 
triangles ABO, CBO, will give AB. CB, and BO at three proportions. 

And should it he neces> iry, the sicced angles may be found from the 
sides ol the triangle ABC, by C. h IV (22Sj. 


2. If A and C are two stations on sloping ground ; O an ob- 
h * i on the top of «• hiH . /i d rhe angles OCA, OAC (measured 
ivlih t s-exwnt) equal to 79° and (53° lT, respectively; also 
-nippose. the angle of elevation at A is — 6* 36', at C r 5 J 22': 
What *»re the horizontal Jista.ic^s and height of the object. 


AC being " 4 3 0 yards * 

Let OG be pn pendir.uhir. «i . G , CB, 
parallel to the Jionzon : lh,;n ..v. C!i are 
the horizontal distances- 



/“ 


the Inangle AOC 
the angles are 


t OCA = 79° 29* 
< OAC = 63 II 
€ AOC 37 20 


And AC = 410 yards* 


Whence (221) AO s 664*7, CO = 603-4, these hypotenuses, with the 
angles of elevation OAG,OCB, in tl»e right angled triangles AGO, CBO, give 
AG ss 66C m Jj OG == 76*4, CB S3 60 V7 f OB =: 56*4 yards. 
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And the difference of OG and OB is 20 yards = BG = CP the differ- 
ence in the heights of the stations, AP being supposed horizontal. 

The sides AC, CP, will give AP. And the angles of the triangle AOC 
when reduced to the horizon, may be found from the horizontal distances 
AP, AG, CB, taken as the sides of a triangle (22S). 

3. At a mile-stone N on the ascending road NS we observed 
the angle SN W between the next mile-stone S and the windmill 
W on the top of a hill, and found it to be 46° 37'; the elevation 
of W, or angle WNP was 3° 49'; next, at the mile-stone S, the 
angle NSW measured 91° 4'. Hence the horizontal distance 
NP, and height PW are required ? 

SNW = 46° 37' 

NSW = 91 4 

SWN = 42 19, and 
NS = 1760 yards : 

these give NW = 261 4 : 

Then in the triangle WPN, right angled at 
P, the hypotenuse NW and all the angles are 
given, whence NP 2608 ; and PW = 174 
yards. 


The angles of the 
triangle SWN are 



In this example, no reduction is necessary on account of t! e inclination 
of the base NS to the horizon. 

4. Let BC be a measured base of 370 yards on the plane 
ABC ; and suppose marks are set up at the stations A, B, C, 
and the following angles taken with a sextant to the elevated 
object O : 


At A 
At B 
At C 


! 

} 


OAC = 20° 50' 

OAB = 80 18 


OBA = 73 44 
OBC =16 4 

OCB = 149 10 
OCA = 140 6 




HEIGHTS AMD DISTANCES. 


331 


Required the distance of the object O from the station C, and 
its height above the plane of the base BC. 

The angles of the triangUs OAC, OAB, OBC, are 

OXC = 20® atf OAB = 80° OBC =s 16® V 

OCA = 140 6 OBA = 73 44 OCB = 149 10 

AOC = 19 4. AO B = 23 58. BOC = 14 46, 


These three triangles form the sides of the pyramid whosfe vertex is O, 
and base ACB : we have therefore to find its height OD, and the point D 
where the perpendicular OD meets the plane of the base. 


Calculation . 

14°4(/ Ai«. £406311^ 
Ij» .7*3639 i 
BC = 370 lofr. 2*508203 f 
ObC=i 1 6° t # ffa-9*44g09g 
CO log. 2*603937 
OAC=20°50V/r.cajrz'//. 0.1 18076 
AOC = 19° 4' sin. 9 5 11107 
AC = 309 log. 2*‘ih7i7n 


sum 3' 161861 

9*709730 sin. 149° lO'ss OCB 
2 871591 log. OB 
0*006254 or. co. sin. 80® 1 3* rsOAU 
9*641324 sin. 25° 58' = AOB 
2*j 191 log. AB =■ 330*5 
0*358676 ar. co. sin. 23® 59', AOB 
9*992257 sin. 73° 44% OBA 
2*860 1 0 2 log. AO. 


T!i<* sides of the 5 
ti tai'gie ABC ^ 


370 
3 o. 1 ) 

330*5 give the angle ACB = 53° S' (228). 


X- *t OP, Oil, meet AC, BC pioduccd, at right angles in P and R ; and 
suppose OD i* the perpendicular on the phpe of the base, and join PD, 
CD, RD. TIkm OCP = 39° 5 P (the supplement of OCA) ; and OCR 
= Jo® 50' (the .ppplcmeiU of OCB); 

Then, 39° jV coyine 9*88 H39 30® 50' conne 9 933322 

CO log. 2*603957 CO log. 2 603957 

CP= 303 2 log. 2*488846 CR = 345 log. 2*537779 


Now in thequadiilatcral CRDP (in the plane ot the base ABC) we have 
theories CP, CU, and their included angle = 53° S', whence (226) we 
get/Jhe angle CRP =r 57° =CDP (because the angles CPD, CRD being 
ri%nt ones, a circle will circumscribe 0 the quadrilateral), therefore CP and 
9 1 the angles of the right angled triangle CPD are given ; whence the 
distance CD =s 367*5 yards ; from this side and the hypotenuse CO, the 
perpendicular OD will be found = J62'3 yards* 
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OF REFRACTION, 


If the triangle ABC is on level ground, CD is the horizontal distance of 
the object O from the station C, and OD iu height. 


OF TERRESTRIAL REFRACTION. 


235. As the apparent or observed elevations of objects are 
always greater than the true % it may not be improper to give a 
slum ejc r laniJtiuii of Refraction. 



Let E be the place of an observer’s eye, EH the horizontal 
line, and O an object, suppose on the summit of a distant hill. 

Then if the rav c of light proceeded 
from the object O to the eye at E 
in a straiglr line, the object would 
appear m its true place at O, and 
OEH would be the elevation (consi- 
dering EO as a right line' ; but the rays in passing through the 
atmosphere are continually attracted or bent downwards from 
a rectilineal direction, by which means the object is seen in the 
direction ET, which is supposed to be a tangent to the curve at 
E, and therefore the apparent or t b served elevation is the angle 
TEH; and the angle T'EO, or rather the angle comprehended 
by TE and a right line from O to E, will be the refraction. 


This Refraction which is called the terrestrial, to distinguish 
it from that which affects the altitudes of the heavenly bodies, 
is not constant at the same elevation and distance, but is found 
to vary with the changes in the atmosphere, as heat, a different 
density, moist vapours, &c. &c. At the distance of S^r 10 
miles it is sometimes no more than about 30 seconds , itot iu 
particular states of the air we«find it amount to upwards 3 
minutes . 

236. It i3 a difficult operation to determine the exac^ 
quantity of refraction at any particular time. The follower 
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method however, has been successfully practised in the Trigo- 
nometrical Survey carried on by order of the Board of Ord- 
nance* 

Let A and B be two sta- 
tions, SS the intercepted or 
corresponding arc of the 
earth's circumference, C the 
centre of the earth; AG, 

BH, the horizontal lines at 
A and B drawn to meet 
CG # CHi 

An instrument being at 
each of the stations A and 
B, the reciprocal observations 
are made at the same instant 
of tithe, which is determined by means of signals or watches 
previously regulated for that purpose ; that is, the observer at A 
takes the depression ( for example) of B while the other person 
at fi observes the depression of A. 

If a and l represent the apparent places of the objects A 
and B. the angle 6AB is the refraction at A, and aBA that at 
B; therefore, half the sum of those angles will be the infraction, 
il w j suppose it equal at each station. 

It, the quad i .lateral AOBC the angles at A and B are right 
ones, therefore the sum of the other two angles at O and C 
are equal to two right angles, and consequently the angles 
OAB, OB A are together equal to the angle C or arc SS, there foie 
if die sum of the two depiessions or angles HBa 4- GM< is 
from the sum of the angles HBA ■+■ GAB or the angle 
£, the remainder is the sujn of both refractions or angles 
y f ,BA + MB; therefore half the difference between the svm 
, of the two depressions and the contained arc SS {or angle C) 
is the refraction. ^ 




324 


SURVIVING* 


If one of the objects (B) instead of being depressed, is ele- 
vated, suppose to the point R; then the sum of the angles 
JAB + JBA will be greater than the sum'OAB + OBA* (or 
angle C ’ by the angle of elcvaiion RAG ; but if from the sum 
JAB + JBA we take the depression HBA, there will remain 
JAB -{- aBA the sum of the two refractions; therefore, if 
the depression be subtracted Jram the sum rf the contained 
arc and elevation , halj the remainder is the refraction in 
this case . 

It is almost unnecessary to remark that the distance between 
the places of observation A and B should be known sufficiently 
near to give the contained arc SS true to a very few seconds of 
a degree. The refraction however, 13 generally too. minute to be 
of consequence in the operations with a common Theodolite, 
which are usually confined to moderate distances. 


Of Surveying. 

237 . Surveying is the Art of laying down the true po- 
sitions of the principle features, and exhibiting an exact repie- 
sentation of the boundary of a country, or any part thereof, 
on a plane or paper, so, that the dimensions, &c. may be 
readily measured by means of a scale of miles 9 yards , chains , 
&c. &c. When fields or other inclosurcs, and Gentlemen’* 
estates are surveyed, not only a correct delineation of the boun* 
daries is required, but the superficial content in cc* a, &c. 
must be computed. This is called Land Surveying, t.r Land 
Measuring. 

238 . To lay down or make a Map or Plan 
able extent of Country, a series of connected 
be carried in all directions to its boundaries f 
well measured base as the foundation : For that purpose the 
most conspicuous points, as the summits of hills, roofs of 


of any considei^ 
triangles should 
rom a loner and 


\ 
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church-towers, &c. &c. must be chosen for stations ; and all 
remarkable objects in view should be intersected at every place 
where the instrument for taking the angles is set up. When a 
high poinred spire, or the like, upon which the instrument 
cannot be conveniently placed, presents itself as a proper 
situation for carrying on the triangles, it should always be in- 
tersected from several stations in order to compare, or correct 
the connecting distances by a compulation from independent 
triangles. 

839* It will be adviseable to observe every angle of the prin- 
cipal triangles if the situations permit; then, as the sum of the 
three angles of each triangle ought to be very nearly equal to two 
right ones, the deviations will in some measure, enable us to judge 
of the accuracy of the work. 

240 . The sides of the principal triangles should be calcu- 
lated. But objects situa'cd within those triangles may be laid 
down by means of a protractor : these objects however, should 
if possible, be intersected from three stations. 

211. The principal triangles and interior objects laid down 
on a large scale, suppose 5 or G inches to the mile, will be a 
sufficient ground work for Military sketches which are usually 
drawn by eye without any actual measurement. The method 
of adapting a scale to the Plan ; and enlaiging or diminishing it 
to any particular size is given in Art. 167. 

242 . But the most difficult and tedious operation connected 
with a Survey, is that of measuring a base-line accurately. Wc 
shall therefore recommend a perusal of the Account of the Tri- 
gonpmetrical Survey ( 236 ) to those who may engage in an un« 
dt/laking of this kind when great exactness is required. A bas<* 
r orcommon surveys maybe measured with a 20 feet deal-rod : for. 
Jt his purpose a rope not less than 1 00 yards should be stretched 
very tight along the ground ; the rod must then be applied to 
the rope, and its extremity may be marked with a small pin 
stuckin the rope to preserve the distance while the rod is removed*, 
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When the measurement is carried on to the extent of the rope, 
a peg should be driven in the ground and a notch cut on its top 
exactly under the end of the last rod. The rope must then be 
taken up and stretched again in the direction of the base, and 
the measurement continued as before. 

When the measurement is carried over hollows or ditches, it 
may be necessary to support the rod in the middle : it should 
not however, be made very slender. 

If rising grounds intervene, the slant distances must be 
measured separately as hypothenuses, and afterwards reduced to 
the corresponding horizontal lines (832) : the elevations or 
depressions may be taken with a Theodolite which has a verti- 
cal arc. 

It may be necessary to observe, that 20 feet should be trans- 
ferred to the rod from a standard measure. And with re- 
spect to expansion and contraction, it is pretty well known th it 
well seasoned deal is subject to very little alteration while it is 
kept dry. 

243. If a measurement of this kind be performed with 
tolerable care, we may safely conclude there will not exist 
an error of more than T V of an inch in each rod of 20 feet , or 
S6i inches in a mile . Supposing however, the accumulated 
errors amount to 5 feet in a base of 2 miles y and that a scries 
of triangles whose sides are about 3 miles lo be determined 
from such a base, then combining the probable errors from ob- 
servations made with a Theodolite t the uncertainty in a direct 
distance of 20 miles from the base cannot amount to 30 yards • 
Erroneous as this may be consult od, we believe most of the 
County Maps have been laid down from operations less ^ 

curate. ' 

• 

224. If the variation of the Magnetical needle is known, 
the direction of the meridian may be drawn sufficiently near 
for a Map or Plan by means of the compass belonging to the 
Theodolite. 
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We shall now proceed to such trigonometrical problems as 
usually occur in the practice of Surveying. 


245. Let AB be a base of 2 miles or 3520 yards ; and sup- 
pose poles or flag-staffs are set up at the stations A, B, C f D, Gj 
and that the angles at those stations taken with a Theodolite are 
the following ; 


CAB = 

64° 29' 

DCG =r 

73° 58* 

CBA = 

75 

15 

CDG = 

41 27 

ACB = 

40 

18 

CGD = 

54 33 

sum 

iao 

2 

sum 

179 58 

BCD = 

53 

41 

DGP = 

71 7 

CBD = 

64 

6 

GDP = 

46 51 

BDC = 

62 

14 



sum 

180 

3 




It is required to find the distance of the spire P from the 
station A ? 

The error in the sum of the three observed 
angles of the fi-st ti ianu le is 2' ; in the second 3' ; 
and in the third 2'. The angle at Pin the fourth 
triangle is supplemental. 

Jtut no certain rule can be given for correcting 
the observed angles: this must be left Jo the 
judgment of the observer, who, from circum- 
stances, will seldom be at a loss to point out 
where the greatest uncertainty lies. To make the calculation however, 
we will suppose the corrected angles 


CAB = 

64° 28' 

DCG = 

73° 58' 

CBA = 

75 

14 

CDG = 

41 

28 

ACB = 

40 

18 

CGD = 

54 

34 


180 

0 


180 

o' 

BCD = 

53 

40 , 

DGP = 

71 

7 

CBD = 

64 

7 

GDP — 

46 

51 

BDC = 

62 

13 

GPD = 

62 

2 


180 0 
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Then (221) 

ACfi = 4C° 18 f sin. 9 *810783 

0* 1 89237 

AB = 3520 log. 3*5I6 j43 

CAB = 61* 28' Ain. 9-955369 

3‘69 i 148 log. CB. 

BDC = 62° 13' ar . co . sin. 0-073196 

BCD = 53 40 siti. 9 9Q81 H 

3‘f>5u4'i5 log. BD = 4471 5. 
3 744344 (222.) 

CBD = 64° 7'. sin. 9-95 4090 

369M434 log. CD. 

COD = 54^ 34' ar. co. sin. 0 088954 

DCG = 73 58 sin . 9*9 82769 

3 770157 log. GD. 

GPD = 62° 2' ar. co. sin . 0‘033931 

DGP = 71 7 sin. 9-9 7^074 

3-800062 log. DP = 6310*5. 


Now from the sides BA, 5>D, and the included angle 139° 21' we get 
the angle BDA = !7° 48', and AD =7501-1 yards , ( 2 26). 

And if BDA be taken from 150° 32' the angle BDP, there remairis 132® 
44' the angle ADP, which, wilh the including sides AD = 7301 J, and 
DP = 63 1 0*3 will give the distance from P to A = I2l>j9 yards. 

When triangles are carried on from the original base in all 
directions, the distances towards the extremities may, in some 
respect, be verified by independent calculation*. 

N. B. All the principal distances should be laid down from 
a scale of equal parts, because a triangle can be protracted 
more accurately with its sides than with the angles. 


246. Suppose in making a Survey, the distance between 
the spires A and B has been determined equal to 6594 yards ; 
and that G and D are two eminences conveniently situated for 
extending the triangles. . 


Now if we observe the angles t 

$AGB = 65*46' ^ADG = 31*48' 

#t G ?BGD = 23 56. at U ?ADB =«8 2. 
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It is required to determine the distance GD ? 

Construction. At the extremities of any 
right line gd make the angles bgd = 23* 

56', Agb = 85° 4G'; A dg = 31° 48', A db 
= 68° 2 # ; join the points A, b ; and make 
AB (on A b produced if necessarx ) = 6594 
from a scale of equal parts ; then if BD, 

DG are drawn parallel to bd, dg, respec- 
tively, GD will be the distance required. For the quadrilaterals Kgdb, 
AGDB are similar by construction, and AB in the second figure being =s 
6591 the distance ot the spires, GD must be that of the stations on the 
same scale. 



Calculation* 


Angles of the A gd == 109° 42* 
triangle Agd A dg = 31 48 
or AGD. gAd = 38 30 


of g H _ 


09° 50* 
23 56 
56 14 « 


Now to obtain the angles gbA, dAb, assume gd of any length, suppose 
1000 : then the computation is made exactly as in examp. 9, art. 233. 

38° 30 * ar, comp* sin • 0*205850 

gd = 1000 log. 3-000000 

31° 48' sin. 9-72 1774 

2*9 H 621 log. 816*5, Ag . 


56'* 14' ar. comp, sin 0-080238 

gd log. 3-000000 

'1'j* 50' stn . 9-Q HV72 , 

3-o . iHtO log 113V?, gb* 


The sides gh t Ag, with the included angle A gb = 85° 46' give the 


Angles 


&A 


57° 18'. 
= 36 56. 


Whence d\b 


18* 48'. 


Now all the angles in the quadrilateral GABD are given, and the side 
AB/being = 6591 yards, we get AD at one proportion by means of the 
triangle ADB; then the triangle GAD gives GD 4694 yards, the dis- 
tance required* Which may servj as a base for determining other die* 
tanccs, or continuing the triangles. 


And the method of solution is the same when the stations lie 
on contrary sides of the given distance AB. 
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247. When the top of a Church steeple becomes a station 
in consequence of the wind- vine or a pinnacle having been inter- 
sected, the instrument is placed in the most convenient situ- 
ation, and a reduction of the observed angles will in that case be 
necessary. 

Let A andB represent the wind-vanes on two steeples, their 
distance having been determined equal to 2587 yards — AB ; 
and suppose N is the place of the Theodolite when it is on the 
steeple A, and S its situation on the steeple B ; also, suppose the 
observed angles at those stations arc the following; 

40NB 45° 42' Q COS A = 70° 39 ' 

at N ^ONA 96 0 3 b <OSll 147 o. 

And let the distance fioni N to the wind-vane A be 111 
feet , and that from S to B ~ lujr jeet . Hence it is required to 
find the angles OAB, OBA, or what the observed* angles to 
the distant object O would be if the instrument wa* at the point* 

A and B ? 

The angles 45° 42', 70® 39, and £3° 39' 
their supplement, with the distance AB = 

2587, will give 2066 and 2724 yards, the 
distances BO, AO, ueaily. 

Then (224) as AO : sin. .96® (ON A) : : 

NA, 3 83. yards : svu 5' nearly, the angle 
AON. 

And 96° — 45° 42' = 50« 18', the angV BNA ; 

Hence, AB : sin. 50* 18' :: NA : sin. 4' nearly the an^le Ai’N- 

Therefore the sum of the two angles NOB, NBO is greuier than 
sum of the two angles AOB, ABO by the diftercnce of U>N, ALN ; con- 
sequently ONB is less than OAB by l f ; therefore AOB is =: 45° 43'. 

Again, as BO : sin. 147° (OSB) :: 3J yards (SB) : sine 3' nearly, the 
angle SOB. And, AB : sin* 142° 21' (ASB) :: 3J (SB : sin. 3* nearly, 
the angle SAB* 
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Now Hie angles SAO, SOA together are ter than both the angles BAO, 
BO.V by the sunt of tiic angles SAB. SOB; therefore ASO is greater than 
ABO by that sum; hence the angle ABO = 70° 39" — 6' =70° 33'. And 
BO, AO c alrtil i'<‘d with the corrected angles 45 3 43' and 70° 33*. are 
SOoj’J and 2720'2 yards. 

It is not necessary that the angles ONA, OSB should be 
very accurately taken ; but the distances NA, SB must be care- 
fully measured. 

248. If A, Bj C, be three objects whose distances from 
each other arc AB =r4 5Ifi, AC = 4 809, BC = 301$ yards ; 
and suppose at the station S we observe the angles CSB ri 1 1 7® 
56', BSA 1 10° 12' ; it is required to find the distances from 
the station to the three objects. 

Construction. If the triangle ABC be laid 
down with the three pimii cbsL'mes, and seg- 
ments ot ciu Irs described l pnn :inj two rides 
to ront.iin 1 ho .ingles the) ••uhteml (172), the 
intt isottiun of the arcs will euderlly be the sta- 
tion. whether it lulls within, ci without the tri- 
angle. lint the following method is rather more 
Minph — \Kiul A I; desf uhe a cm Ic so that the 
segment All's sh 41 coni., in the angle ll(»° IC : 
make lie jn<rh* BUI = (jJ° 4' the supplement 
of 117 3*' (CSi ), join C’U ; and S, where -t hitei sects 4 Fie circle, is the 

station, ioi it A*\ bd, IK aie diawn, tm- angle AS3 is = 110° 
\j f by i oil'll uc lion \ and RM» being equal to d/iLi (70) or 62? 4', the 
angle C^B which is iu biipplciiicut, will be 1 17° 5o' »he other observed angle. 

Calculation. The three sides 4 3 IG, 4S09, 30 IS give the angle ABC = 
76^28' (J2‘). 

Angle AUK (= ASH the supplement of ASC) 

’ \U \l 

A Kit 

side AB give BR = ICj 1*3, 9 

The angle RBC -- 48 ® s # 4- 7 6° 2S # = 124° 36* which, with the two 
including side-, gi* c RCB = 32° 47', and CRB = 22° 37'. 

V US 


= 48° S' 

= 62 4 

= 69 48, these with the 
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Now SAB = SRB= 22° 37'; therefore all the angles of the triangles 

ASB, BSC are given; 

namely, SAB = 22°37' SCB = 32°47' 

ASB = 110 12 CSB = 117 56 

SBA = 47 1 1 SBC = 29 17 

Whence (221), the distances SA, SB, SC, are found to be 3630, 1851, 
1672 yards, respectively. 

When the station is without thctnanglr (suppose at 1\) it is evident the 
circle must be describee 1 so that the outward segment ABB shall contain 
the whole obses ved angle ARB; then if the angles ABS, BAS be made 
respectively e;jual to the observed angles ARC, BUG, and CR drawn 
through S, R will be the station. 

If the whole observed angle AR B should be equal to the supplement 
of the angle ACiS, the (iicle will pass through the point C; in wins li 
case the problem is indeterminate: for the ang’ca standing on the 
chords BC, AC would be the same in all points ol the arc ARB, (70.) 

249. The last problem will be found useful in reconnoitring 
a country with a map or plan ; for the angles taken to any 
three objects which are laid down, will determine the situation 
of the observer. A small pocket sextant i> the nio?t convenient 
instrument for measuring the angles. And it appears from the 
preceding construction that it is not necessary to describe a 
circle. For example, if the station be 
within the triangle, then the angles 
BAR, ABR being made equal to the 
supplements of the observed <sng!es BS^, 

ASC, the intersection of AR and BR 
gives the point R ; then if the angle 
ARS be made equal to the .*ngle ARC, 

BS will meet RC in S the stu'ion. On 
the contrary, when the place of observa- 
tion is without the triangle, the Ingles 
ABS, BAS, are made equal to the observed angles ARC, 
BRC, respectively, then CR being drawn through S, and the 
angles ABR, BAR made equal to ASR, BSR, BR and AR 
will meet CR in R the station. 
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In this latter case however, when the point S falls near the 
object C, the construction may give the point R considerably 
wide of the truth. 

250. In making a Survey we found two spots N and S 
conveniently situated for stations; and at S took the angles 
NSA 52° 58', NSB - 55° 4', to the spires A and B: But 
at N an intervening height hid the spire B; we therefore ob- 
served the angle between the wind-mill W and station S, and 
found it “ 38° 4', and then took the angle SNA which was 
41° 46'. Now AW, AB, BW being respectively equal to 
5232, 4490 , 267s yards , it is required to find the dis- 
tance SN ? 

Construction . Wuli the three given sides 
toy down the triangle AWB. Then about 
AB and AW describe circle* so that the 
segment AbB shall contain an angle of 
103° S' .'j 8 # ■+• 53° 4') ; and the so- 
r.ient ANW an angle of 79° 50' (38° 4' 

+ 4l°4r/). Diaw llie chord AI) to sub- 
1'*nd an angle (AND) =41° 46', and the 
cnord ,\G to subtend an angle (ASG) =; 

;s # ; join DG ; and 1 lie intersections S, 

\ will be the stations. For if SB, £>A ; 

NA, NU are driwn, the audios at b and N 

>0 the 'hi.-.- <VUs "ill he ctjual to the observed u n s ks, by the con- 
ArucLton, and ArL ‘0. 

Calculation. Draw DW, GB. Then all the angles of the triangles 
ADW, AG1) are given ; 0 

wr. DNVV — DAW = 380 4 . OSB = GAB = 550 V 

DNA — D\tA = 41 46 GbA — GBA = 52 58 

ADW = 100 10 AGB = 71 58 

As sin. ADW : 5232 (AW) # ; ; sin. DWA : 3540*6 a AD. 

Ami sin. AG li : 4190 (AB) :• « B . GBA : 3769 5 — AG. 

The sides of the triangle AWB give the angle WAB = 30® 47* 
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DAW = DNW = 38° 4' 

WAB ; = 30 47 

■BAG s BiSG = ’i 4 

DAG = i : ) >5 with this angle and the in* 
eluding sides we get ADG =■ = AW N; therefore in the triangle 

AWN all the angles and the side AW are given, whence AN = 2577 ; 
then, as the angles of the triangle ASN are also given, wc get SN = 3217 
yards. 

And the method of construction and calculation will vary 
little from the preceding, howsoever posited the stations may be 
in respect of tjie three given objects. 


Of Surveying with the Compass . 


951, In this operation we do not measure the angles sub- 
tended by distant objects in the same manner as with a The- 
odolite, but take their angular distances or bearings from the 
magnetical meridian . Thus if NS 
represents the magnetic needle or 
meridian, W the west, and E the 
east ; and suppose the sights on the 
Compass arc directed to the wind- 
mill A : then if the angle. A CN is 
40°, for example, the wind-mill is 
paid to bear NW 40°, or 40° westward from N the magnetical 
i.orih. Or if the sights are directed to the spire B, and the an- 
gle SCB is 64° then the spire bears SE 64°, 

If CH represents the direction of the true meridian , the 
angle NCH is called the variation of the magmtical needle; 
which, at this time, is about 23° or 24° westward at LondoA. 

2.52, Let A and B be two stations hearing SW 6l • and NE 
til 0 from each other; 



and suppose at S j? 
A the objects ^ ^ 


hears NW 29 a 
SW 18 
SW 54 
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and at B 


1 


G bean 


NE 88 
SE 83 


From A draw the NW 29° and SW 
18° lines; and From B the NE 22° and 
SE 83° lines; then their inteiscctions 
will give the places of tire objects G 
and P. 

Suppose C to be a third station, 

C G bears NE 51 
where the objects < P SE 70 

l R SE 31 


4 * . 



Then from G and P draw two lines parallel to NE 51 °, 
and SE 70°, and their intersection will determine the sta* 
fcion C. 


And the intersection of the SW 54° line from A, with 
that of the SE 31° line from C gives the position of the 
object R. 

6253. Since the magnet ieal meridians are considered as pa* 
rajlels, it is evident that the bearings of any two objects already 
laid down will give the place of the observer; but every inter- 
section shoi.Id i)c as near a right angle* as circumstances will 
admit. Tla- bearings of all conspicuous objects however, 
ought to be taken at every station, by which means a gieat num- 
ber may be fixed from several intersections. 

This is a very expeditions method of laying down the relative 
situations of the prominent points of a small tract of country. 
The compass's most convenient are about 3| inches in dia- 
meter; and may be carried in the pocket. They are easily 
fitted to the top of a stick or stafr which must lie stuck upright 
in the ground that the needle niav plav freely. These com* 
passes are divided into degrees only, and consequently much 
accuracy cannot be expected in Surveys of (his kind: they 
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may serve however, as the ground work of, or for correcting 
Military sketches. 

For temporary use, it will sometimes be necessary to mea- 
sure a distance by pacing , in order to adapt a scale to the plan 
or sketch (167). 

254. The Compass will also be found useful in reconnoit- 
ring a country with a map or plan when the direction of the 
meridian is laid down, and we know 
the magnetical variation. Let SN be 
the direction of the true meridian on a -* 
map; and suppose the wind-mill O 7 
bears NE 68°, and the spire R, NW j* 

36° by the compass ; also let the vari- 
ation be 23° W. 

Make the angle MCN rr 23°, then CM will represent the 
magnetical meridian: let the angle MCP z: 68°, and MCD 
— 36°; then if OB, RB are drawn parallel to PC, DC, re* 
spectively, the intersection B will be the place of observation on 
the map or plan. If however, the intersection (B) is very acute 
or obtuse, the position thus determined may be considerably 
wide of the truth. 
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ADDITIONAL EXAMPLES 

IN 

PRACTICAL GEOMETRY, TRIGONOMETRY. \ 
and MENSURATION. 

1. If the diagonal of a square redoubt be 67 yards; what 
is the length of the side ? 

Ans . 47*376 & c. yards . 

2. The sides of three squares bring 4, 5, and 6 feet; then 
how long is the side of that square which is equal to all three ? 

Ans . 8774 9 feet, nearly. 

3. If the lengths of two 'ines are 20 and 30 inches ; what 
is the length of that line which is a geometrical mean between 
them ? 

Ans, 24’4949 in. nearly; 

4. If the diameter of a circle he 50 yards; what is the length 
of a chord which is 5 yards distant from the centre ? 

Ans, 48 b 9899 yds. 

5. If a point be 20 inches dislant from a circle whose di- 
ameter is 20 inches, and a line 30 inches long be drawn from 
that point to the circumference; what is the length of that part 
of the line which is without the circle ? 

Ans, 26y inches. 

6. Suppose in the last exajpple, the line is drawn from tho 
given point to make the intercepted chord 10 inches; what 19 
the length of the part without the circle ? 

Ans . 237228 &c. inches . 

3 C 
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7. In the preceding example, wliat is the length of the tan- 
gent to the circle drawn from the given point ? 

Ans. 28*284 &r. in. 

8. To what extent on the surface of the sea 'exclusive of the 
effect of refraction) can a person sec from the top-mast-head of 
a man of war, his height above the water being 30 yards, and 
the earth’s diameter 7960 miles P 

Ans . 11*6 miles % nearly. 

9. If a line 10 inches long be cut according to mean and 
extreme proportion; what are the lengths of the two parts P 

Ans. 6*18 and 3*82 in. nearly. 

10. If the base of a triangle be 40, and the other two sidc< 
30 and 20; what is the length of its perpendicular? 

Ans. 14*32 &c. 

11. If the base oi a triangle be 40, and the two sides 30 and 
20; what are the segments of the base made by a Hue bisecting 
the vertical angle ? 

Ans. 24 and 16. 

12. If the diameter of a circle be 30; what is the side of the 
inscribed equilateral triangle? 

Ans. 25*Q8 nearly. 

13. If the side of an equilateral triangle be 10 ; what arc the 
radii of the inscribed, and circumscribing circles? 

Ans. 2*8868 and 5*7736 nearly. 

14. The side of a square being 10 ; then what is the radius 
of its circumscribing circle ? 

Ans. 7*071 8cc. 

c 

15. If the side of a regular pentagon be 10; what are the 
radii of its inscribed, and circumscribing circles ? 

Ans. 6-683 and 8-5Q6 nearly. 
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16. If the radius of a circle be 10; what are the sides of 
^he regular inscribed trigon, tetragon, pentagon, hexagon, oc- 
and decagon ? 

Ans. 17'32— 14*142 — 1 1*756 — 10— 7*654— 6-18, nearly. 

17- A plan of a fortified town has a scale of 100 toiscs which 
is l a 6 inches in length ; the plan is 30 inches long, and £4 
broad ; now what will be the size when it is copied to a scale 
of 6 inches the English mile ? 

Ans . 13 -6 in. long, and 10*9 broad, 

18. If the length of a pair of proportional compasses be 7 
inches; how far from the ends is the centre .uswering to the 
division 5 on the line of Lines ? 

Ans. 1| and 5£ inches. 

* * 

19 . Suppose the length of a pair of proportional compasses 
to be exactly 9 inches ; how far from the ends must the centres 
be for enlarging or diminishing a plane surface twice, and a 
solid three times ? 

Ans. 3*728 and 5*272 in. in the former case. 

3*685 and 5*J15 in. in the la l ter. 

20. If the length of a cannon be 8 /. 10 in. ifs diameter at 

the breech 19^/tf. at the mouth l at whai distance »ould 

the outer surface meet the axis of the bore supposing both 
were produced ? 

Ans. 25 /t Jeel 9 from the muzzle. 

21. How many degrees, &c. are contained in that arc of a 
circle whose length is equal to the radius ? 

* Ans. 57°*295779 nearly. 

22. If the line of numbers from 1 to 10 on a logarithmic or 
Gunter ’s Scale is a foot ; required the distance from 1 to 5. — 
And what is the distance from 10 on the line ot numbers to 40® 
on the line of tangents ? 

Ans. 8*3876 &c. and 0*914 &c. inches. 

3 C 9 
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93. The length of a line of chords of 90° being 4* inches ; s 
then what is the length of 43° on the same line ? 

Ans. 9*3 in. nearly. 

24. If the radius of a circle be 20; what are the lengths 
of the sine , cosine, tangent, cotangent , secant, and cosecant 
of 30° ? 

Ans. 10— 1 7*32—1 1 -547— 34-041— 23*094— 40. 

25. If the base of a right-angled triangle be 4, and the per- 
pendicular 3 : what are the lengths of the sine, cosh/e t tangent, 
and cotangent of the least angle, if the radius be 1 ? 

Ans . 0-6 — 0-8 — 0-73 — 1333 &c. 

26. If the base of aright-angled triangle be 0*28, and the 
adjacent acute angle 59° 11'; what are the other sides ? 

Ans . 0-5466, and 0*4694. 

27. The base of a right-angled triangle being 74*7 yards , 
and its opposite angle 21° 13 / ; what are the other sides ? 

Ans, 192-4, and 206-4 yds. 

28 . The hypotenuse of a right-angled triangle being 5472 

feet, and one of the acute angles 29° 51'; then what are the 
other sides ? * 

Ans . 4746 and 272 3-5 feet. 

29. If the three angles of a plane triangle are 106° 4l', 46* 
24', and 26 1 55', and ihe side opposite the greatest angle =: 
297 6 yds. then what are the other sides ? 

Arts. 22 5, and 140'7 yards. 

30. Suppose the angles of a plane triangle to be as in the 
preceding example, and the side* opposite the least angle 297*6 
feet s required the other sides ? 

Ans . 476-1 and 629*7 feet. 

1. The hypotenuse of a right-angled triangle being 
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14 f. 10 in* and the base lof. 7 *«• then what is the per- 
endicular ? 

Ans. 10/. 4*7 in. 

3?. Two sides of a triangle being 311 and 397 yards, and 
the angle opposite the greater of those sides = 38° 33 then 
what is the third side? 

Ans • 589*7 yds* 

33- Suppose two sides of a triangle are 311 and 221 yards, 
and the angle opposite the least of those sides is 38° 33' ; re- 
quired the third side ? 

Ans . 349*4, or 137*04 yds* 

34. If two sides of a triangle are 179*8 and 121*6 feet, and 
the included angle 79° 5l'$ what is the third side ? 

Ans * 198*5 feet . 

35. The base and perpendicular of a right-angled triangle 
being 1139, and 1074 yards \ required the acute angles, and 
hypotenuse ? 

Ans* 43° 19 ; — 46° 41' — hypot. = 1565*5 yds. 

36. If an angle of a triangle be 129° 34'; and the ratio 
of the including sides us 4 to 7 ; what are the other two 
angles ? 

Ans. Jv!’ 32' 7 ; — 17° 53' 53". 


37. How many inches subtend an angle of l" at the distance 
• of 7 miles ? 

Ans . 2*1 nearly. 

*38. Suppose the sides of a triangle are 11 272, 13141, and 
1 1 799 yaids ; required the angles ? 

Ans. 69° 34'i — 59" 38'i — 50° 4j\ 

39, If the sides of a triangle have the proportion of 
and 4 ; what are the angles ? 

Ans. 117 ° 16 ' 46 " — 36 ° 20 ' 10 ” — 26 ® 23 ' 4 *. 
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40. Let the base of a right-angled triangle be 30, and the 
ratio of the other two sides as I to 2 ; what are those sides ? 

Arts. 17 32* and 34 64 nearly. 

41. If the hypotenuse of a right-angled triangle be 100, and 
the other sides as 1 to 2 ; what are those sides ? 

Ans. 44*72 and 69’44 nearly. 

42. If the hypotenuse of a right-angled triangle be 40, 
and the sum of the other two sides 50 ; what are those sides ? 

A/is. 11 771 — 38*229 nearly. 

43. Suppose the hypotenuse of a right-angled triangle to be 
40, and the difference of the other sides 10; required the 
sides ? 

Alls, 22 839 — 32*839 nearly. 

44. If the base of a right-angled triang'e be 40, and the sum 
of the other sides 60 ; what is the perpendicular ? 

Ans . 30. 

45. If the perpendicular of a right-angled triangle be 40, 
and the difference of the other sides 10; what are those 
sides ? 

Ans. 7 5 and 85. 

• 

46. Suppose a regular pentagon whose side is 170 fathoms, 
to he fortified; and that the salient angle of the bastion is 71 °, 
and its face 47 fathoms ; required the flank, and curtain, sup- 
posing the line of defence is perpendicular to the flank ? 

Ans . Flank 25- 65 
Curtain 64-57* 

4 J. If a square whose side is 170 fathoms is regularly for- 
tified, and the salient angle of the bastion 61° j what arc the 
principal dimensions if the length oY the face of the bastion, is 
to that of the flank, as 7 to 3 j the line of defence being per- 
pendicular to the flank ? , 

Am. Face of bastion 46-fl — Flank 20— Curtain 69- 8. 
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48. If at the top of a mountain the true depression of the 
hotizon of the sea is found to be 1" 31'; what is the moun- 
t’s height, supposing the earth a sphere whose diameter is 
8000 miles ? 

Ans, 1*4 miles , nearly. 

40* In surveying with a compass an object bore NE 50° ; 
and when we had gone 1 70 paces in a SE 35° direction, its 
bearing was NE 6°. Required its distance from each sta- 
tion P 

Ans. 214, and 237 paces • 

30. Wanting to know the breadth of a river, wc measured 
a straight base of 30 chains along the bank, and at its ex- 
tremities took the horizontal angles 64° 11', and 78° 38' to 
an object on the opposite shore. Hence the breath is re- 
quired ? 

Ans . 964 yards . 

51. From the top of a hill I observed two mile stones in 
the same direction on level ground ; the depression of the nearest 
was 14° 3 ; ; and that of the other 3° 56' below the horizontal 
line : hence the height of the hill is required ? 

Ans . 301 feet* 

52. Having observed the elevation, of an object on the 
top of a distant hill, and found it sT 27', we measured a base 
of 520 yards on sloping ground directly towards the object, and 
at that end the object was elevated 3° 4'. Now the farthest 
extremity of the base was found to be 10 feet , higher than 
the other. Hence the height, and distance of the hill are re- 
quired } 

Ans . Height above the lowest end of the base 127 yds. 
Distance from that end 237 1 yds, 

33. Tp find the height, and distance of an object on the 
top of a hill, wc measured a base of 470 yards on sloping 
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ground which was inclined to the horizon in an angle 
of 4° 44'; and then observed the horizontal angles between^ 
the base and object at the lower and upper ends of 
base, and found them to be 91° 12', and 72° 57\ respec- 
tively ; also at the lower end of the base, the object was 
elevated 4° 3\ Hence the height and distance of the hill are 
required ? 

jins. Horizontal dist. from the lower end of the base 1640 yds. 

Height above that end 116 yds • 

# 

54. At the top and* bottom of a tower which stood on a 
hill near the sea shore, we observed the depressions of a ship 
at anchor to be l c 39\ and 1° 9', respectively: hence the 
height of the hill, and also its distance from the vessel are 
required ; the tower itself being 72 feet high ? 

Ans, Bottom of tower above the sea 1 66 feet. 

Horizontal distance of ship 8246. 

55. To obtain the height, and distance of an object on 
the summit of a hill I measured a base of 450 yards on level 
ground, and set up marks at its extremities equal to the 
height of the eye. At one end of the base the angle between 
the other end and the object^ was found with a sextant to be 
74° 35'; and at the other, end 77° 41' where the elevation 
of the object was observed = 6° 20'. Hence the height of 
the hill, and its distance from each extremity o the base are 
required 7 

Ans. Height of the hill 105*3 yds. 

Distances 926*2. 

938*8. 

• 

56. In surveying with a compass, a spire bore NE 18*, 
distant 2 miles; and the bearing of. wind. mil) was NW, 20° 
now the distance of the wind-mill from the spire was known 
to be li miles: hence its distance from the station is required ? 

Ans . 2395, or 3153 yards. 
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57» , A ladder 28 feet long will reach from one 9ide of a 
^itch which is 20 feet broad, to the top of a wall on the other 
sicic^ what is the height of the wall ? 

Arts. 19 *6 feet. 

58. From the top of a work 15 feet high, a point-blank 
shot struck an object on the ground at the horizontal dis- 
tance of 120 yards. What was the depression of the 
piece ? 

Ans . 2° 23'. 


59. Two forts commanding the mouth of a harbour bore 
SE lfi n , andSW 21°^, distant and 2\ miles, respectively: 
required the distance from one to the other., and also their 
bearing P 

Ans . Distance 2870 yds. * 

Bearing 68° 41' NE and SW. 

60. At the extremities of the base AB of 40 chains , we 
took the following angles with a theodolite to the elevated 
objects C and D : 


C CAB — 51° 6' * r» (CBA 90 0 56' 
* . A 1 DAB — 83 5 (DBA-^fi 3 
AtA )C elevated 4 U 17' 

( D eUvated 3 8 



Hence the distai.ee from CtoD; and also their heights are 


required ? 

Ans. Dist 2129 yds. 

Height of C 107*1 
ofD 47*6 

f»i . Let W Le West Wycombe 
church, H High Wycombe church, 

and V Penn beacon-pole : Now at the g 

stations C and S we took the following 
angles with a theodolite. 

3 D 
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f WCS = I08 a 14' (WSC= 42*42» 

viz. atC-?SCH = 28 20 atS<CSH — 25 26 

(SCP == 33 51. {CSP = 120 20. 

By a previous operation the distance WH (between the 
churches) was found to be 4G4G yards . Hence the distance 
from Penn beacon to West Wycombe church is required? 

Ans . 9144 yds . 

6S. In reconnoitring a county by the help of a map, we 
perceived two spires A and B in the same direction, A being 
the nearest $ we then observed the angle subtended by A and a 
third spire C and found it 4 1 ° 58' : now the distance of A and 
B, measured on the scale to the map, was 3640 yards , of A 
and C 4380, and of B and C 5460, Required the distances to 
the spires A and C ? 

Ans . 'From A 4527 yds. 

From C 6403. 

63. In surveying with a pocket-sextant I observed the angle 
subtended by two churches A and B = 45° 30', and that be* 
tween A and another church C = 25° 40', all in the hori- 
zontal plane nearly : The distance from A to B was from 
A to C 2-f*, and from B to C 4} miles, the church A being the 
nearest. Hence the place of observation is required ? 

Ans . 3314 yards from A. 

5500 .... from B. 

7H6 .... from C. 

64* From the top of the tower A we observed the angle 
BAW between the wind-mill W and the spire B, and found 
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it 23 ° ; but at W the tower A could not be 
;een from the ground, we therefore took the 
ang- ^BWC subtended by the spires B and C, 
which was 123£°. Now the three distances 
AB, AC, BC were known to be 5450, 4(500, 
4850 yards , respectively. Hence the situation 
of the wind-mill is required ? 



Ans. Wind-mill from A 3130 yds. 

from B 2845. 
from C 2059. 


65. The distance (WE) of the stations W, E, and also the 
situation of the object O became necessary in carrying on a 
survey: n v A, B, and C, were three 
known objects, the distances being AC 
= 4060, AB — 3200, and CB — 1540 
yards ; but at the station W the object 
C could not be seen ; and an intervening 
height hid the object A at the other 
station E ; we therefore set up marks at 
W and E and took the following angles : 



namely, 

t AWB - 9G j 10' 
At W BWE =48 30 
^OWE = 58 44 


.CBFC = 50° 4' 
AtE<BEW = jo 56 
(WEO = 352 50. 


Hence WE, EO, and WO are required ? 


An s, WE — 2697 yds. 
EO = 2306 
WO = 1463 


66. In walking along a straight road directly west, I ob- 
served two spires A and Bbiflh bearing NE 22-'-°, ihe nearest 
being A ; an hour afterwards a third spire C and the spire 
B appeared ,in one direction; and the next hour brought 
C and A in a right line ; the distance of A from £ (on a 

3 D 8 
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map) was 1* miles, of A from C 2 miles, and that of B from 
C 3^ miles. How far did I walk per hour, supposing ftis 
rate equable ? * * 

Ans . 7807 yds. the whole distance walked, or 3933 £ per hour. 

67. The base of a parallelogram being 61, and its perpen- 
dicular 37 \Jeet ; what is the content in yards square ? 

Ans . 254f. 

68. The length and brcadih of a rectangular field are 13 
chains , 61 links, and 1 1 cA. 9 tin* Required the content in 
acres ? 

Am. 15*12676. 

6 9. The parallel sides of a trapezoid arc 37 f. 10 in. and 
16/1 6i//. and their perpendicular distance 11 j'.Gitu What 
is the area ? 

Ans. 313 if Bet. 

70. If the base of a triangle be 17t, yards, and its perpen- 
dicular Ilf yards ; what is the aica in Jeet P 

Ans . S 62 fj. 

71. If the side of a rhombus is 2*9 * feet, and the acute 

« 

angle 62" ; what is the content in yards P 

Am. 85*38 nearly. 

72. The sides of a triangular field being 171, 161, and 145 
yards; then what is the area in acres P 

Ans. 2*2527 nearly, 

73. The sides of a quadrangular field being successively “26, 
20, 16* and 30 poles, and the angle (taken with a theodolite) 
included by the two longest t*des 2= 56°. Required its 
content ? 

Ans. 267*676 poles, or 1 ac. 127*676 pol. 

74. The breadth of a ditch at top being 72, at bottom 38 J, 
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the sloping sides 26^ and 20 feet, and the top and bottom of 
the ditch horizontal* Required the area of the perpendicular 
secion ? 

Ans. 88 b\feet. 

75. The area of the perpendicular section of a ditch being 
135 feet, the breadth at top 30 , and at bottom 15 feet. What 
is the depth ? 

jfns. 6 feet . 

76 - If i he area of the perpendicular section of a ditch be 
154 feet, its depth 5J- feet, and the breadth at top, to that of the 
bottom, as 9 to 5 : what are those breadths ? 

Ans. 36 and 20 feet. 

77. The area of a right-angled triangle being 605, and the 
ratio of the base to the perpendicular as 2 to 5 : what arc those 
sides ? 

Arts. 22 and 55. 

7S. What is the side of that equilateral triangle whose area 
is 100? 

Ans . 15 1 197 nearly. 

79 . If the side of an equilateral triangle be 10 j what will 
be the side of another equilateral triangle whose area is one - 
Jourih of the former ? 

Ans. 5. 

80. If the area of a triangle is 1000, and the sides arc in the 
proportion of i; what are those sides ? 

* Ans . 40*074 J 

50-093 > nearly, 

66-7913 

61. If the hypotenuse of a right-angled triangle be 17, and 
its area 60 ; what are the base and perpendicular ? 

Ans* 8 and 15, 



300 


ADDITION AVEXAMPtES. 


82. How many acres would be contained within the boun- 

daries of the pentangular fortification. Examp . 46, supposing 
it completed ? r 

jins* 126089 yds. or 26*031, &c. acres . 

83. If the equal sides of an isosceles triangle are each 17, 
and its area 120 ; what is the base ? 

Ans . 16. 


84. If the diameters of two concentric circles arc 20 and 30; 
what is the content of the annulus or space contained by the 
circumferences ? 

Ans. 3927. 


85. If the area of a circle be 100; what is the area of its 
inscribed square ? 

Ans . 63*66 nearly. 

SC. If the base and perpendicular of a right-angled triangle 
are each 1 ; what is the area oi a circle having the hypotenuse 
for its diameter ? 

Ans . 1*5708 nearly. 

67. If the circumference of a circle be 1000; what is its 
area ? 

Ans. 59577. 

88. If the area of the sector of a circle be 100, and the 
leugth of its arc 20 ; what is the angle of the sector ? 

Ans . 114° 35-3' nearly. 


89. . If the centre of a circle whose diameter is 20, is in the 
circumference of another circle whose diameter is 40; what are 
the areas of the three included spaces ? 

Ans. 173*852. 
140-308. 
1! 16-332. 
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90. How many square feet of board are required to make 
a rectangular box whose length shall be 3\feet y breadth 2 fee t, 
and depth 20 inches P 

Ans . 32-J-. 

91. What quantity of canvas is necessary for a conical tent 
whose height is 8 feet % and the diameter at bottom 13 feet P 

Ans . 2 10^ feet square. 

92. What would a circular reservoir whose diameter at top 
is 40 yards , at bottom 38-j yards 9 and the side or slant depth 
1 1 feet 9 cost the lining with brick- work at 3s. lod. the square 
yard ? 

Ans. 31 lZ. 18 s. 2dm 

93. The inside of an hemispherical dome cost loo/, the 
gilding at 8 d. the foot \ what was its diameter ? 

Ans. 43’7 feet. 

94. If the diameter of a globe be 8 inches ; what is the dU 
ameter of another globe three times as big ? 

Ans . 1 1*536 in. nearly. 

95. If the area of the perpendicular section of a rivulet is 

feet, and the velocity of the wateV 30 feet per minute; how 

much would it supply in 24 hours 3 

Ans. 1451213 gall . wine measure. 

96. Suppose a sack when laid flat is 2 feet broad, and 5 
feet long; how many gallons, dry-measure, will it contain 
if it has a circular bottom, and 9 inches is left for tying the 
top 5 

Ans. 34*8 gall . nearly. 

97. The outer and inner circumferences of the ring of an 
anchor bein|j respectively 50 and 25 inches ; what is its 
weight, supposing 3*61648 cubic inches of iron weigh a pound 
avoirdupois ? 


Ans. 129 Ibm 
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ADDITIONAL'EXAMPLES. 


96. Suppose the triangle BCA is the base of V 

a pyramid, V its vertex, the side BC =r 30 feet, A 

10 inches, and the angles / A 

VAC= 20 ° 50' VABrr 80° 18 VBC= 16° 4' / J. \ 

VCA = 140 6 VBA=73 44 VCB=14910 / ° \ 

A Ji 

What is the cubic content ? 

jins. 1709' 8565 cubic feet, nearly. 

99. If a cask which is two equal conic frustums joined to- 
getherat the bases, has its bung diameter 34, head diameter 27, 
and depth 50 inches ; how many gallons, ale measure, will it 
contain ? 

jins. 130, nearly. 

100. What is the difference between a bushel, running mea- 
sure, when measured with a Winchester- bushel which is 18-J- 
inches in diameter, and measured with another bushel only 12 
inches in diameter, supposing the cop or cap or conical part is 
of the diameter in height ? 

Answer. "I lie Inner lose* HO] cubic influx, or upwards 
of a gallon m every bushel b) the nai; invest nieasme. 

101. If a piece of squared timber be 23 feet long, the side 
of the greater end 20 inches, and that of the less 16; what 
length must be cut off the less end to make 10 cubic feet ? 

Am. 3 /. 4 in. 


102. If the depth of a vcsecI in the form of a conic frus- 
tum, be 16 inches, and the top and bottom diameters in the 
proportion 5 to 3 ; wlut arc those diameters, supposing the 
vessel holds 20 wine gallons ? 

Ans. 23*722, and 14*233 inches. 

< 

103. Suppose the following are the dimensions of the bed 
of a waggon. 



MENSURATION, 


393 


viz, length . . . \ 7 feet* 

depth 2 

breadth at top behind 5 

at bottom 4* 

breadth at top in front 4j 

at bottom 4 


How many bushels, dry measure, will it contain ? 

Ans. 405 gall . or 50 bush , 5 gall . 

104. If the salient angle of a bastion be 71°, and each of its 
faces 50 fathoms: required the number of cubic yards in that 
part of the rampart next the faces, supposing AORS Art . 265, 
Examp. 2, is the profile or section perpendicular to the face at the 
angle of the shoulder ? 

Ans . 13477 yds. 

105. Suppose the breadth of a circular ditch at top is 36, nr 
bottom 19 theoutei slope 10, and inner slope 13^ feet, respec- 
tively ; required its capacity in cubic yards ; the diameter of the 
inner circle or edge of the ditch being 600 feet, and the top and 
bottom of the ditch horizontal ? 

An s. 16433 yds . 
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